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1.0 INTRODUCTION 

Pacific Crest Environmental, LLC (Pacific Crest) has prepared this Feasibility Study (FS) Report 
on behalf of the Sound Mattress and Felt Company (Sound Mattress) to evaluate cleanup 
alternatives for contaminated media affected by a release of chlorinated volatile organic 
compounds (CVOCs) and metals that occurred at 1940 East 11th Street in Tacoma, Washington 
(Tax Parcel No. 2275200661) (Figure 1). The Site has been assigned Facility/Site No. 1232087 
and Voluntary Cleanup Program (VCP) Project No. SW0857 by the Washington State Department 
of Ecology (Ecology), and is defined as the areal and vertical extent of the contaminants of 
concern (COCs) in the media of concern. This FS was conducted in accordance with the Model 
Toxics Control Act (MTCA) Cleanup Regulation (Chapter 173-340 of the Washington 
Administrative Code [WAC 173-340], as revised 2013) which specifies the requirements for 
completing a FS and selecting a cleanup action alternative. 

1.1 PURPOSE 

The purpose of this FS is to develop and evaluate cleanup action alternatives to facilitate selection 
of a final cleanup action for the Site in accordance with WAC 173-340-350(8) and WAC 173-340-
360. The FS includes: an evaluation of regulatory requirements applicable to the cleanup action; 
an evaluation of remediation technologies; and selection of a cleanup action approach in 
accordance with MTCA. 

1.2 REMEDIAL ACTION RESPONSIBILITIES 

The remedial action is being conducted under the direction of the former property owner, Sound 
Mattress: 

Sound Mattress and Felt Company 
Attn: Mr. Robert Shea 
7424 Bridgeport Way, Suite 313 
Lakewood, Washington 98499-8134 

The environmental consultant for the remedial action is: 

Pacific Crest Environmental, LLC 
Attn: Mr. William Carroll, L.G., L.H.G. 
P.O. Box 952 
1531 Bendigo Boulevard North 
North Bend, Washington 98045 

1.3 BACKGROUND 

 Tax Parcel No. 2275200661 

1.3.1.1 Description 

Tax Parcel No 2275200661 is a 5.77-acre irregular-shaped parcel that is bounded to the north by 
Thorne Road and beyond by commercial/industrial properties; to the west by East 11th Street and 
beyond by the Port of Tacoma (Port) administration building; and to the south and east by 
commercial/industrial properties (Shaub-Ellison and Castan Trucking). The City of Tacoma 
zoning designation for Tax Parcel No. 2275200661 is: PMI- Port Maritime and Industrial. Former 
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improvements to Tax Parcel No. 2275200661 included an 112,280 square-foot masonry 
warehouse building (the Building) that was constructed between 1948 and 1953. In late 2014 and 
early 2015, the Port demolished the Building. Tax Parcel No. 2275200661 is presently vacant with 
no structures. The property features and former improvements are illustrated on Figure 2. 

1.3.1.2 Property Development and Uses 

A chronologic summary of the development of Tax Parcel No. 2275200661 and the south-
adjacent Shaub-Ellison Property, located at 1132 Thorne Road, is provided below: 

 Prior to 1948, Tax Parcel No. 2275200661 was vacant and undeveloped tide-flat land.  

 In 1948, Washington Steel Products, Inc. (Washington Steel) constructed the northern 
portion of the Building. Washington Steel extended the Building with additions built in 1950 
and 1953 (Tacoma Public Library - Tacoma-Pierce County Buildings Index).  

 Between 1948 and 1959, Washington Steel conducted manufacturing operations in the 
Building that included the manufacturing of hardware including enameled metal drawers, 
knobs, pulls, and hinges (Tacoma Library Photo Archive). A Sanborn map prepared for Tax 
Parcel No. 2275200661 indicates areas inside the Building dedicated to drying, painting, 
plating, etching, manufacturing, packing, and shipping. 

 In 1959, Ekco Products Company (Ekco) purchased Washington Steel, and in 1965 
American Home Products Corp. (American Home Products) purchased Ekco.  

 In 1964, Sound Mattress purchased Tax Parcel No. 2275200661 from Ekco. Sound 
Mattress did not occupy or conduct manufacturing operations on Tax Parcel No. 
2275200661 but, instead, continued to lease portions of the Building to Ekco and, later, 
American Home Products until at least 1967. 

 In 1965, Sound Mattress leased a portion of the Building to Brown and Haley, Inc. (Brown 
and Haley) for commercial activities associated with the sales and distribution of Brown and 
Haley candy (Pacific Crest 2006). 

 The Polk City Directory identifies the tenants of Tax Parcel No. 2275200661 as “Washington 
Steel Products” in 1960 and as Brown & Haley, Ekco Products Co., Dell’s Copy Shop, 
Washington Line Federal Credit Union, and Washington Steel Products in 1967. From 1972 
through the 2005, Tax Parcel No. 2275200661 tenants are listed as Brown & Haley (1972, 
1977, 1982, 1987, 1992, 2001, and 2005) and/or Westlocknational (1997); Cardservice 
International (2001 and 2005); Northwest Cardservice (2001); Hoops Unlimited (2001); and 
Westpac Marketing (2001). 

 In 1970, the south-adjacent Shaub-Ellison Property consisted of undeveloped land and was 
purchased by Mr. Sanford Shaub from Mr. Robert Shea Sr. 

 In 1973, the Shaub-Ellison Property was first developed with a 7,300 square-foot, split-level, 
concrete tilt-up building erected on approximately 0.78-acres. Additional improvements to 
the Shaub-Ellison Property include an asphalt-paved storage yard in the western portion of 
the parcel, and an asphalt-paved parking area on the eastern portion of the parcel.  

 From 1974 through 1998, the Shaub-Ellison Property was operated by the Shaub-Ellison 
Company, a retail automotive tire service facility. 

 Since 2000, the Shaub-Ellison Property has operated as RevChem Plastics, an industrial 
chemical and supply company. 
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 In October 2006, the Port purchased Tax Parcel No. 2275200661 from Sound Mattress. 

 In late 2014 and early 2015, the Port demolished the Building. 

1.3.1.3 Underground Utilities 

Prior to demolition of the Building, Tax Parcel No. 2275200661 was serviced by natural gas, 
telephone, water, and stormwater and sanitary sewers located in the rights-of-way of East 11th 
Street and Thorne Road. The locations of underground stormwater and sanitary sewers are 
illustrated on Figure 2. Available information about the stormwater and sanitary sewer utilities is 
presented below: 

 One 60-inch diameter concrete stormwater line (“60-inch stormwater line”) was 
constructed in 1951 and is located in the right-of-way of Thorne Road. The 60-inch 
stormwater line was previously connected to private stormwater laterals and private catch 
basins that collected stormwater runoff from the parking lot located north of the Building, 
as well as roof drains from the Building.  

 One 12-inch diameter concrete sanitary sewer line is located in the right-of-way of Thorne 
Road. The 12-inch sanitary sewer flows south along Thorne Road to the City of Tacoma 
wastewater treatment plant.  

 A 60-inch diameter cement reinforced steel sanitary sewer line is located in the right-of-
way of East 11th Street. The 60-inch diameter sewer transports treated wastewater from 
the City of Tacoma wastewater treatment plant to an outfall located in Commencement 
Bay.  

 Information obtained by personal communication between Ms. Lauren Carroll of Pacific 
Crest and Mr. Robert Shea, during a May 8, 2006 meeting at the Site, revealed that Mr. 
Robert Shea, Sr., installed a polyvinyl chloride (PVC) underground sanitary sewer line in 
the alley southeast of the Former Building, located between Tax Parcel No. 2275200661 
and the Shaub-Ellison Property. It was Mr. Shea’s understanding that the sanitary sewer 
line installed by his father exited the southeast side of the Building in the alley and ended 
in an open termination point in the alley, without connection to the municipal sewer line on 
Thorne Road (Figure 2). 

1.3.1.4 Former Building Demolition and PCB Cleanup 

In late 2014 and early 2015, the Port demolished the Building. The work included: abandonment 
of existing monitoring and pilot test wells on Tax Parcel No. 2275200661; deconstruction and 
demolition of the Building; removal of portions of the underlying concrete slab; off-site disposal of 
the building materials; removal and off-site disposal of PCB-impacted shallow soils; restoring Tax 
Parcel No. 2275200661 by grading the surface and installing a liner and coarse gravel cap; and 
installing chain-link security fencing around the perimeter of Tax Parcel No. 2275200661.  

The PCB cleanup involved the excavation and off-site disposal of 1,243 tons of PCB-impacted 
soils that exceeded the MTCA Method A cleanup level for Unrestricted Land Use of 1 milligram 
per kilogram (mg/kg). The PCB-impacted soils were located around the outside perimeter of the 
Building and were remediated by the Port in accordance with the Port’s TSCA Self-Implementing 
Cleanup Notification (CRETE 2014). The Port concluded that the apparent source of the PCBs in 
shallow soil was leaching and flaking paint and caulk from the exterior of the Building. The Port 
conducted the Building demolition, hazardous materials abatement, and excavation activities 
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independently to facilitate the Port’s business objectives. This FS does not evaluate cleanup 
actions implemented independently by the Port. 

 Natural Setting 

1.3.2.1 Physiographic Setting 

Tax Parcel No. 2275200661 is located in the near-shore tidal flats area of the Port of Tacoma 
near the Sitcum Waterway and Commencement Bay of the Puget Sound. In the late 1800s, the 
southern and eastern shoreline of Commencement Bay consisted of tidal flats formed as part of 
the Puyallup River delta. Dredge and fill activities, conducted since the 1910s, have significantly 
changed the estuarine nature of this shoreline and the tidal flats. The historic meandering streams 
and rivers were dredged to form waterways, and the intertidal areas between the waterways were 
filled with dredge material to create usable land. The newly created land has since been used for 
commercial and industrial operations including shipbuilding, chemical manufacturing, ore 
smelting, oil refining, food preservation, and transportation facilities. The tide-flats in the vicinity 
of Tax Parcel No. 2275200661 appear to have been backfilled in the 1940s. 

1.3.2.2 Surface Water 

Tax Parcel No. 2275200661 is located approximately 350 feet southeast of the Sitcum Waterway, 
a manmade marine waterway that is located between the Blair Waterway and former Milwaukee 
Waterway and is used by the Port and the Port’s tenants for container and bulk product unloading 
from cargo vessels. The Port owns the adjacent upland properties on all sides of the Sitcum 
Waterway and owns the submerged land and bottom sediment in the Sitcum Waterway. The Port 
routinely dredges sediment from the Sitcum Waterway to maintain sufficient depth for vessels to 
access the docks, and the shoreline and submerged slope are armored with rip-rap to prevent 
erosion. Industrial loading, unloading, and other operations have been conducted on properties 
along the Commencement Bay and Sitcum Waterway for over 100 years. Due to security and 
safety considerations, public access to the Sitcum Waterway shoreline is limited to the 
Observation Deck located in the parking area adjacent to the Port’s administration offices (City of 
Tacoma 2014). 

The past industrial practices in the Sitcum Waterway resulted in areas of sediment contaminated 
with metals (arsenic, cadmium, copper, lead, nickel, and zinc) and polycyclic aromatic 
hydrocarbons (PAHs). In 1983, the United States Environmental Protection Agency (EPA) placed 
portions of Commencement Bay, including the area identified as the Sitcum Waterway Problem 
Area, on the Superfund National Priorities List due to widespread contamination of the water, 
sediments, and upland areas. Polychlorinated biphenyls (PCBs) and VOCs were not listed as 
COCs for the Sitcum Waterway Problem Area. Since 1985, the Washington State Department of 
Health (DOH) has posted “Fish Consumption” warning signs in public access areas, and the entire 
Commencement Bay area, including the Sitcum Waterway, is classified by the DOH as “closed” 
to shellfish harvesting due to pollution. 

Since 1991, investigation and cleanup of the Sitcum Waterway Problem Area has been conducted 
by the Port with EPA oversight. EPA attributed the contaminants in sediment to historical releases 
of metal ores handled at Terminal 7 and releases from a stormwater outfall (SI-172) that 
discharges runoff from an industrial and commercial area of the Tacoma Tideflats covering 
approximately 170 acres. In 1993, the EPA approved source control measures to address the 
stormwater discharge from SI-172; dredging of contaminated sediments in the main channel of 
the waterway for disposal in the Milwaukee Nearshore Confined Disposal Facility (NCDF); and 
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natural attenuation for contaminated sediments located beneath and in the vicinity of the terminal 
on the north side of the waterway (Terminal 7). The remedial action to address the Sitcum 
Waterway Problem Area was completed in 1995. Since 1995, the Port has monitored the 
groundwater and sediment quality in the Sitcum Waterway Problem Area in accordance with the 
Operations, Maintenance, and Monitoring Plan (OMMP), dated June 3, 1994 (Port 1994), and the 
Work Plan for Long-term Sediment Quality Monitoring, dated 1996. Laboratory analysis of 
sediment and groundwater samples collected during the most recent sediment sampling event in 
2003 and groundwater sampling event in 2013 indicated that source control, dredging, and 
monitored natural attenuation were effective for cleanup of the Sitcum Waterway Problem Area. 

1.3.2.3 Geologic Setting 

The regional unconsolidated geology in the Puget Sound area consists primarily of interbedded 
Pleistocene Era clays, silts, and sands deposited as a result of glacial activity. Glacial outwash 
sediments in the region were deposited, eroded, and re-deposited by rivers and streams. The 
advance and retreat of glacial ice sheets also resulted in the compaction of underlying sediments 
into glacial till. Alluvial deposits in the region are present in the vicinity of streams in the major 
regional river valleys and typically consist of unconsolidated, stratified, clay, silt, and very fine to 
fine sand, with considerable organic matter. Medium to coarse sand and gravel units underlie 
much of the fine-grained floodplain sediment in the region and are common in small stream valley 
bottoms (Galster and Laprade 1991). As discussed above, anthropogenic activities (i.e., dredging 
and filling) have altered much of the shallow subsurface in the Port of Tacoma tidal flats. 

1.3.2.4 Hydrogeologic Setting 

Groundwater aquifers in the Puget Sound area are generally confined to recent alluvial deposits 
of sands and gravel, which are stratigraphically delimited by aquitards (low permeability units) 
consisting of glacial till deposits. Discontinuous perched shallow groundwater zones may be 
seasonally or locally present above the glacial till deposits (Galster and Laprade 1991). The 
groundwater in aquifers that are located in close proximity to saline surface water generally meets 
the non-potability criteria of MTCA (WAC 173-340-720(2)(d)). 

1.4 REMEDIAL INVESTIGATION 

 Historic Site Investigation Activities 

In April 2004, during a preliminary due-diligence subsurface investigation performed by 
Environmental Associates, Inc. (EAI) at the neighboring Shaub-Ellison Property located at 1132 
Thorne Road, laboratory analysis detected tetrachloroethene (PCE) in one groundwater sample 
(boring B2) (EAI 2004a). Further investigation on Tax Parcel No. 2275200661 and the Shaub-
Ellison property identified apparent source areas on Tax Parcel No. 2275200661 where releases 
of PCE appear to have occurred and have resulted in PCE and associated daughter products 
generated by reductive dechlorination, including trichloroethene (TCE), cis-1,2-dichloroethene 
(c-DCE), trans-1,2-dichloroethene (t-DCE), and vinyl chloride (VC) in soil and groundwater.  

The remedial investigation (RI) activities conducted between 2004 and 2010 have been 
documented in reports previously submitted to Ecology. The historic RI activities included: 
advancing soil borings; installing groundwater monitoring wells; collecting soil, groundwater and 
air samples for laboratory analysis; conducting tidal studies; performing passive soil vapor 
surveys; and assessing the results in accordance with industry practice. A chronologic summary 
of the RI activities and related Ecology correspondence is provided below: 
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 In April 2004, EAI advanced 17 soil borings (Borings B1 through B17) during a preliminary 
due diligence subsurface investigation at the Shaub-Ellison Property. EAI collected soil and 
groundwater samples from the borings and submitted the samples to an independent 
laboratory for analysis (EAI 2004a).  

 In April and May 2004, EAI advanced an additional 11 borings (Borings B18 through B28) 
and four test pits (TP1 through TP4) on the Shaub-Ellison Property. EAI collected soil 
samples from the borings and test pits, and groundwater samples from select borings, and 
submitted the samples to an independent laboratory for analysis (EAI 2004a).  

 In July 2004, EAI advanced five borings (B29 through B32 and MW-4) and converted four 
of the borings into groundwater monitoring wells (MW-1 through MW-4). EAI collected 
groundwater samples from the borings and wells and submitted the samples to an 
independent laboratory for analysis (EAI 2004b). 

 In January 2005, EAI advanced eight borings (B-33 through B-40) and converted four of the 
borings, located in the alley between Tax Parcel No. 2275200661 and the Shaub-Ellison 
Property, into groundwater monitoring wells (MW-5 through MW-8). EAI collected 
groundwater samples from the borings and wells and submitted the samples to an 
independent laboratory for analysis (EAI 2005). 

 In July 2005, LSI Adapt, Inc. (LSI Adapt) collected groundwater samples from monitoring 
wells MW-1 through MW-8 and submitted the samples to an independent laboratory for 
analysis. During the same groundwater monitoring event, Environmental Management 
Services (EMS) collected split samples from wells MW-5 through MW-8 (EMS 2005).  

 In August 2005, LSI Adapt advanced five borings (SC-1 through SC-4 and MW-9) and 
converted one boring into a groundwater monitoring well (MW-9) (LSI Adapt 2005). 

 In April 2006, Pacific Crest assessed the alley between Tax Parcel No. 2275200661 and 
the Shaub-Ellison Property for conductive and non-conductive underground utilities (Pacific 
Crest 2006).  

 In May 2006, Pacific Crest conducted a passive soil gas survey to assess the concentrations 
of CVOCs in the Site vadose zone using W.L. Gore and Associates (Gore) soil vapor sorbent 
modules (Sorbers) and submitted the Sorbers to Gore for analysis of CVOCs by modified 
SW-846 Method 8260/8270 (Pacific Crest 2006). 

 In October 2006, Pacific Crest advanced one soil boring (Boring MW-10) and converted it 
into a groundwater monitoring well (MW-10). Pacific Crest collected a soil sample from the 
boring and submitted the sample to an independent laboratory for analysis (Pacific Crest 
2009). 

 In 2007, the Site was enrolled in Ecology’s VCP. 

 In February 2007, Pacific Crest measured groundwater elevations in all Site monitoring 
wells and collected groundwater samples from monitoring wells MW-1 through MW-8 and 
MW-10, and submitted these samples to an independent laboratory for analysis (Pacific 
Crest 2009). 

 In November 2007, Pacific Crest advanced four reconnaissance soil borings (B-1 through 
B-4) and submitted soil and groundwater samples from these borings to an independent 
laboratory for analysis (Pacific Crest 2009). 
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 In November 2008, Pacific Crest advanced boring MW-11, converted the boring into 
monitoring well MW-11, collected a soil sample from the boring, and submitted the sample 
to an independent laboratory for analysis (Pacific Crest 2009). 

 In November 2008, Pacific Crest measured groundwater elevations in all Site monitoring 
wells, collected groundwater samples from monitoring wells MW-1 through MW-11, and 
submitted the samples to an independent laboratory for analysis (Pacific Crest 2009). 

 In March 2009, Pacific Crest advanced three soil borings and converted them into 
groundwater monitoring wells MW-12, MW-13, and MW-14. Soil samples were collected 
from the borings, groundwater samples were collected from the wells, and the samples 
were submitted to an independent laboratory for analysis (Pacific Crest 2009). 

 In April 2009, Pacific Crest conducted a 72-hour tidal study by monitoring groundwater 
elevations in select Site monitoring wells using data logging pressure transducers (Pacific 
Crest 2009). 

 In June 2009, the Port conducted an indoor air survey by collecting indoor air and ambient 
air samples and submitting these samples to an independent laboratory for analysis 
(Pacific Crest 2009). 

 In August 2009, Pacific Crest conducted a soil vapor survey by installing and retrieving 
Gore-Sorber passive soil vapor sampling modules at 33 locations beneath the Former 
Building. Soil vapor modules were submitted to the Gore laboratory for analysis (Pacific 
Crest 2009). 

 The results of RI activities were submitted to Ecology in the RI Report dated December 9, 
2009. Several RI data gaps were identified in the RI Report that required additional 
investigation to fully characterize the nature and extent of contamination. 

 In May 2010, Pacific Crest advanced seven reconnaissance soil borings (borings B-5 
through B-11) and submitted soil and groundwater samples from these borings to an 
independent laboratory for analysis (Pacific Crest 2010). 

 In June 2010, Pacific Crest advanced three reconnaissance soil borings (borings B-12 
through B-14) and submitted soil and groundwater samples from these borings to an 
independent laboratory for analysis (Pacific Crest 2010). 

 In June 2010, Pacific Crest advanced boring MW-15, converted the boring into monitoring 
well MW-15, collected a soil sample from the boring, and submitted the sample to an 
independent laboratory for analysis (Pacific Crest 2010). 

 In June 2010, Pacific Crest measured groundwater elevations in all Site monitoring wells, 
collected a groundwater sample from monitoring well MW-15, and submitted the sample 
to an independent laboratory for analysis (Pacific Crest 2010). 

 In 2010, the results of further characterization were submitted to Ecology in the Data Gap 
Investigation Report dated August 4, 2010, with a request for an Opinion Letter.  

 Ecology issued an Opinion Letter dated November 8, 2010, that approved the RI activities 
and established cleanup levels for the COCs in soil, groundwater, and air.  
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 Post Remedial Investigation Activities (2010 – 2014) 

Between 2011 and 2014, Pacific Crest conducted post RI activities to: further characterize the 
Site; assess the effectiveness of remediation technologies that are capable of achieving the 
cleanup standards established for the Site; and develop a preferred cleanup action approach for 
the Site. The activities included: meeting with Port representatives to resolve concerns about the 
characterization of the Site; collecting soil, groundwater, and surface water samples for laboratory 
analysis; conducting in-situ hydraulic conductivity testing; and, conducting in-situ soil vapor 
extraction (SVE), air sparging (AS), and enhanced aerobic bioremediation (EAB) pilot tests. A 
chronologic summary of the post RI activities is provided below: 
 

 In January 2011, Pacific Crest advanced eight soil borings (borings B-15 through B-22) 
and submitted soil samples from these borings to an independent laboratory for analysis. 

 In November 2012, Pacific Crest advanced two soil borings (borings B-23 and B-24) and 
submitted soil and groundwater samples from these borings to an independent laboratory 
for analysis. 

 In April 2012, Pacific Crest measured groundwater elevations and collected groundwater 
samples from all Site monitoring wells and submitted the samples to an independent 
laboratory for analysis. 

 Between September and December 2012, Pacific Crest conducted an EAB pilot test to 
assess the feasibility of enhancing aerobic bioremediation of VC in groundwater by 
artificially increasing dissolved oxygen (DO) in groundwater using Oxygen Release 
Compound (ORC®), a proprietary formulation of magnesium peroxide manufactured by 
Regenesis, Inc. (Regenesis) that releases oxygen when hydrated. 

 In November and December 2012, Pacific Crest conducted pilot test activities to assess the 
effectiveness of SVE and AS for remediation of soil and groundwater at the Site. 

 In September 2014, Pacific Crest advanced 20 soil borings (borings P-1 through P-14; 
and P-16 through P-21) and submitted soil samples from these borings to an independent 
laboratory for analysis. 

 In September 2014, Pacific Crest measured groundwater elevations and collected 
groundwater samples from all Site monitoring wells and submitted the samples to an 
independent laboratory for analysis. 

 In September 2014, Pacific Crest conducted rising and falling head slug tests in monitoring 
wells MW-6, MW-7, MW-11, MW-13, MW-14, and MW-16. 

 In October 2014, Pacific Crest collected surface water samples at three locations near the 
groundwater/surface water interface within the Sitcum Waterway and submitted the 
samples to an independent laboratory for analysis. 

The post RI investigation activities methods are described in detail in Appendix A. The post-RI 
investigation results are illustrated on figures provided in Appendix B. Laboratory analytical 
reports for post-RI investigation activities are provided in Appendix C. Boring logs for borings 
advanced during the post-RI investigation activities are provided in Appendix D. Data and analysis 
of in-situ hydraulic conductivity testing and pilot tests conducted during the post-RI investigation 
activities are provided in Appendix E and Appendix F, respectively. Waste disposal 
documentation is provided in Appendix G. 
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 Remedial investigation Results 

The results and conclusions of the investigations are summarized below.  

 Geologic conditions within the Site boundaries are consistent with the regional 
unconsolidated geology. The unsaturated soil in the vicinity of the Site consists of sand/silt 
and/or gravel fill (Upper Fill) to a depth of up to 10 feet below ground surface (bgs), overlying 
fine sand and silty sand with occasional minor silt and shell fragments at a depth of 8 feet 
to 15 feet bgs (Upper Sand). The Upper Fill and Upper Sand consist of similar material and 
are nearly indistinguishable by visual inspection in some locations. The Upper Sand is 
underlain by a thin discontinuous silt (Upper Silt) that is up to 5 feet thick in places. The 
Upper Silt is present beneath the majority of Tax Parcel No. 2275200661 and the Port 
property located north of East 11th Street, but does not appear to be present in the 
immediate vicinity of East 11th Street along the northern boundary of Tax Parcel No. 
2275200661. The Upper Silt is underlain by sand (Lower Sand) to a depth of approximately 
30 feet bgs. The Lower Sand is underlain by clayey silt (Lower Silt) that appears to be 
continuous across the Site. The unconsolidated geology in the Site vicinity is illustrated in 
cross section view on Figure 3 and Figure 4. 

 Shallow groundwater in the vicinity of the Site is encountered in the Upper Sand between 
the depths of approximately 7.5 feet bgs to 11 feet bgs. Saturated conditions extend to the 
top of the Lower Silt, interpreted as an aquitard and the base of the shallow water-bearing 
zone, at approximately 30 feet bgs. Due to the discontinuous nature of the Upper Silt, the 
Upper Sand and Lower Sand are interpreted as a single hydrogeologic unit. The Site 
groundwater is influenced by tidal fluctuations in the adjacent surface water body and meets 
the MTCA criteria for non-potability (WAC 173-340-720(2)(d)). The in-situ hydraulic 
conductivity slug test results for the wells completed in the Upper and Lower Sand ranged 
from 0.000021 (2.1 x 10-5) centimeters per second (cm/s) to 0.0062 (6.2 x 10-3) cm/s with a 
geometric mean of 0.000299 (2.99 x 10-4) cm/sec. 

 The potentiometric surface calculated for the Site, based on the April 10, 2012 and 
September 5, 2014 groundwater monitoring data, indicates a groundwater flow direction to 
the northwest. The potentiometric surface calculated for the Site, based on the September 
5, 2014 groundwater monitoring data, indicates a groundwater flow direction to the 
northwest towards the Sitcum Waterway under an average gradient of approximately 0.012 
feet per foot (ft/ft) in the vicinity of well MW-13, and 0.005 ft/ft in the vicinity of well MW-6. 
The groundwater elevation data are summarized in Table 1. The potentiometric surface 
contours for April 10, 2012 and September 5, 2014 are illustrated on Figure 5 and Figure 6, 
respectively. 

 Laboratory analysis of soil, groundwater, soil vapor and indoor air samples collected during 
the investigation activities detected one or more of the following CVOC compounds: PCE, 
TCE, c-DCE, t-DCE, and VC. Analysis of soil and groundwater samples detected one or 
more of the following metals: arsenic, cadmium, chromium, copper, lead, nickel, tin, and 
zinc. Concentrations of CVOCs were not detected in surface water samples. The analytical 
results for soil samples are summarized in Table 2 and Table 3. The analytical results for 
groundwater samples collected from monitoring wells are summarized in Table 4 and Table 
5; and reconnaissance groundwater analytical results are summarized in Table 6. 
Groundwater quality parameters measured during groundwater sampling are summarized 
in Table 7. The analytical results for indoor air are summarized in Table 8. The analytical 
results for surface water are summarized in Table 9. 
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 The distribution of the contaminants of potential concern (COPCs) in groundwater at the 
Site is affected by abiotic, biologic, hydrogeologic, and geochemical variables. 
Concentrations of chlorinated ethenes adsorbed to saturated soil and dissolved in 
groundwater are subject to abiotic reductive dehalogenation and biologically mediated 
processes including reductive dechlorination, aerobic oxidation, and co-metabolism. Select 
bacteria that thrive in anaerobic environments are capable of utilizing PCE, TCE, and other 
CVOC constituents as energy sources and can, through the process of biodegradation, 
transform the CVOCs into innocuous byproducts. The typical breakdown sequence for PCE 
and CVOCs under anaerobic conditions is summarized below: 

PCE ► TCE ► c-DCE (primarily) ► VC ► Ethene and Carbon Dioxide (CO2) 

The presence of all of the reductive dechlorination degradation compounds of PCE in 
groundwater indicates that the groundwater geochemistry is conducive to reductive 
dechlorination. Conditions in anaerobic groundwater may also be conducive to abiotic 
biogeochemical reactions where iron sulfide minerals breakdown PCE and TCE without 
generating c-DCE or VC (NAVTFAC 2014). 

The fate and transport mechanisms for metals in groundwater are primarily dependent upon 
geochemical variables, including redox potential, dissolved oxygen content, pH, and the 
chemical composition of the aquifer. Concentrations of metals in groundwater are not 
subject to degradation, but may be preferentially adsorbed to naturally occurring chemical 
components of soil. The formation of insoluble metal precipitates is controlled by pH and 
redox conditions in groundwater. 

 The results of geochemical parameter monitoring in wells MW-15 and MW-17 following the 
ORC® injection event indicated an increase in DO compared to baseline measurements. 
Laboratory analysis of groundwater samples collected from monitoring wells MW-15 and 
MW-17 detected changes in concentrations of COCs (c-DCE and VC). The results of the 
EAB pilot test monitoring are presented in Table 10.  

 The results of the SVE step test, and constant rate SVE pilot and AS/SVE pilot test for the 
Site conducted on December 19 and 20, 2012 indicated SVE was an effective remediation 
technology for remediation of soil at the Site. The field data, mass recovery, and ROI 
calculations are presented in Appendix F. Summaries of SVE pilot testing and air analytical 
data resulting from SVE testing are presented in Tables 11 and 12, respectively. The mass 
recovery results are presented in Table 13. 

 The SVE and AS/SVE pilot tests were conducted over a total of 7 hours. During the 
SVE step test, the initial vacuum applied to well SVE-1 was 10 inches of water (in-
H2O), and the maximum vacuum applied to well SVE-1 was 60 in-H2O. At 60 in-H2O, 
groundwater was observed entering the water knock-out drum. During the constant 
rate SVE pilot test, 30 in-H2O was applied to well SVE-1 to prevent the accumulation 
of water in the knock-out drum. During the AS/SVE pilot test, 30 in-H2O of vacuum 
was applied to well SVE-1, and 20 pounds per square inch (psi) was applied to well 
AS-1. 

 An effective radius of influence (ROI) of 38 feet was calculated using data from the 
constant rate SVE pilot test.  

 Laboratory analysis of effluent vapor samples collected from well SVE-1 during the 
constant rate SVE pilot test and AS/SVE pilot test detected PCE at concentrations 
ranging from 230 µg/l (230,000 micrograms per cubic meter [µg/m3]) to 81 µg/l 
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(81,000 µg/m3) and detected TCE at concentrations ranging from 3.1 µg/l to 1.6 µg/l. 
During the constant rate SVE and AS/SVE pilot tests, approximately 96 grams of 
PCE were extracted from the Site’s subsurface. 
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2.0 CLEANUP STANDARDS AND CONCEPTUAL SITE MODEL 

As defined in WAC 173-340-700, cleanup standards are established cleanup levels and points of 
compliance at which those cleanup levels will be attained. The cleanup standards for the Site 
have been established in accordance with WAC 173-340-700 through WAC 173-340-760, which 
are protective of human health and the environment, and also comply with the applicable or 
relevant and appropriate requirements (ARARs) for the Site. The conceptual site model (CSM) 
identifies plausible exposure pathways for human receptors to the focused list of COPCs. 

2.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

MTCA requires that cleanup actions comply with applicable state and federal laws (WAC 173-
340-360(2)a(iii)), which include legally applicable requirements, as well as requirements that the 
department determines are relevant and appropriate. ARARs for cleanup actions often include 
various construction-related permits, air emission requirements, water discharge requirements, 
off-site disposal requirements, and other issues related to impacts in and around the site. ARARs 
can be categorized as follows: 

 Chemical-specific ARARs are laws and requirements that establish health- or risk-based 
numerical values or methodologies for developing such values. These ARARs are used 
to establish the acceptable concentration of a chemical that may remain in or be 
discharged to the environment. As such, chemical-specific ARARs are considered in 
developing cleanup standards. 

 Action-specific ARARs are performance, design, or other requirements that may place 
controls or restrictions on a particular remedial action. 

 Location-specific ARARs are requirements that are triggered based on the location of the 
remedial action to be undertaken. 

The MTCA Cleanup Regulation (Chapter 173-340 WAC) authorizes Ecology to adopt cleanup 
standards for groundwater, soil, surface water, and air at sites where hazardous substances are 
present, and establishes processes for identifying, investigating, and cleaning up these sites. 
Other potentially applicable regulatory requirements for Site cleanup actions include: 

 Clean Water Act (33 United States Code [USC] Section 1251); 

 National Toxics Rule, 40 CFR 131 – Human Health and Aquatic Life – Marine (Acute and 
Chronic); 

 Water Pollution Control Act (Chapter 90.48 RCW; Chapter 173 201A WAC; Chapter 173-
200 WAC); 

 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
and All Appropriate Inquiries (AAI) (40 Code of Federal Regulations [CFR] Part 312); 

 Resource Conservation and Recovery Act (RCRA); 

 Sediment Management Standards (Chapter 173-204 WAC); 

 Hazardous Waste Management Act (Chapter 70.105 RCW; Chapter 173 303 WAC); 

 Federal and state Clean Air Acts (42 USC 7401 et seq.; 40 CFR 50; RCW 70.94; WAC 
173-400, 403); 
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 State Environmental Policy Act (SEPA) (RCW 43.21C; WAC 197-11); 

 Occupational Safety and Health Act (OSHA) (Part 1910 of Title 29 of the Code of Federal 
Regulations [29 CFR 1910]); 

 General Occupational Health Standards (Chapter 296-62 WAC); 

 Safety Standards for Construction Work (Chapter 296-155 WAC); 

 Minimum Standards for Construction and Maintenance of Wells (Chapter 173-160 WAC);  

 Underground Injection Control Program (Chapter 173-218 WAC); and 

 Permits from local municipalities as required for activities at the Site. Examples include 
Pierce County and City of Tacoma permits for sewer discharges, and City of Tacoma 
grading permits, street-use permits, or shoreline permits.  

Many ARARs are commonly addressed through standard industry practices. For instance, 
construction of monitoring or remediation wells will be conducted by a Washington State licensed 
driller, and construction work is conducted under site-specific health and safety plans in 
compliance with applicable safety regulations. 

2.2 PRELIMINARY SCREENING LEVELS 

On the basis of the industrial activities conducted on Tax Parcel No. 2275200661 (metal finishing 
and plating) and primary sources of contamination, the preliminary COPCs considered in this FS 
Report were: VOCs (chlorinated and non-chlorinated), metals (arsenic, cadmium, chromium, 
cobalt, copper, lead, mercury, nickel, selenium, silver, tin, and zinc), and cyanide. Pacific Crest 
reduced the list of preliminary COPCs based on those compounds detected in more than 5% of 
soil and/or groundwater samples to the following: arsenic, cadmium, chromium, copper, lead, 
nickel, tin, zinc, PCE, TCE, c-DCE, t-DCE, VC, 1,1-DCE, 1,1,1-TCA, acetone, carbon disulfide, 
benzene, ethylbenzene, and xylenes. The focused list of preliminary COPCs was further reduced 
by comparison of the detected concentrations in the media of concern to the following preliminary 
screening levels (pSLs) and site-specific screening levels (ssSLs): 

 Ecology-approved cleanup levels for the Site as presented in the Opinion Letter dated 
November 8, 2010; 

 Natural Background for Metals in Washington State; 

 MTCA Method A – Unrestricted for Soil and Groundwater – 173-340 WAC; 

 MTCA Method B – Protection of Drinking Water for Soil and Groundwater and Direct 
Contact – 173-340 WAC; 

 MTCA Method C – Direct Contact – 173-340 WAC; 

 Human Health and Aquatic Life – Marine Chronic – 40 CFR 131; and 

 Human Health Marine Waters – Clean Water Act (CWA). 

The numerical values for the PSLs are presented in Appendix H and summarized in the applicable 
data tables. The COPCs that exceeded one or more of the PSLs consist of: cadmium, copper, 
nickel, zinc, PCE, TCE, c-DCE, and VC. 
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2.3 CLEANUP LEVELS 

As part of the RI, Pacific Crest developed cleanup levels for the COCs in the media of concern 
that were protective of human health and the environment under specified exposure conditions 
(WAC 173-340-200) and used those cleanup levels to define the areas of the Site that required 
cleanup. In the Opinion Letter dated November 8, 2010, Ecology approved final RI Cleanup 
Levels that were adjusted to reflect applicable ARARs. The RI Cleanup Levels for PCE, TCE, c-
DCE, and VC in groundwater were based on the 2009 National Recommended Water Quality 
Criteria (Section 304 of the Clean Water Act).  

As part of the FS, Pacific Crest calculated ssSL for cadmium, copper, nickel, and zinc, and re-
calculated the site-specific cleanup levels for PCE, TCE, c-DCE, and VC to account for the 
following: 

 In September 2012, Ecology revised several toxicological parameters that are used in the 
calculation of cleanup levels for PCE and TCE (Cleanup Levels and Risk Calculations 
[CLARC] 2012).  

 In April 2015, Ecology removed c-DCE as a potential contaminant of concern for inhalation 
(Ecology 2015). 

 On November 15, 2016, the EPA published a final rule in the Federal Register to revise 
the CWA human health water quality criteria applicable to surface waters of Washington 
state. 

 As part of this FS, Pacific Crest revised the RI Cleanup Levels to eliminate protection of 
surface water as an exposure route for contaminants which do not “reach” surface water 
(WAC -340-720 (6)(c)(i)(F)). Cleanup levels for groundwater and soil (i.e., leaching to 
groundwater) that are protective of surface water are not applicable at the Site for those 
contaminants that do not “reach” surface water.  

 The current and future land use on Tax Parcel No. 2275200661 is industrial and consistent 
with MTCA Method C Reasonable Maximum Exposure (RME) and the Port, as current 
property owner, has made representations to Sound Mattress in January 2016 that MTCA 
Method C cleanup levels would be acceptable and that future land use will remain 
industrial. 

 MTCA requires the downward adjustment of cleanup levels for individual hazardous 
substances to ensure that the combined Site risk for all COCs does not exceed a non-
carcinogenic Hazard Quotient of 1 and carcinogenic risk of 10-5 when the reasonable 
maximum exposure scenario as defined in WAC 173-340-708(3) indicates multiple 
pathways for human exposure. The specific adjustments are presented in Appendix H – 
Table 1. 

The pSLs, ssSLs, and draft site-specific cleanup levels (ssCULs) for the Site are presented below: 
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Cobalt, Mercury, Selenium, and Silver – Laboratory analysis of unfiltered groundwater 
samples did not detect cobalt, mercury, selenium, or silver at concentrations above the 
method detection limits (MDLs). Cobalt, mercury, selenium, and silver were not retained 
as COPCs for either groundwater, surface water, or soil because they were not detected 
in unfiltered groundwater samples. 

Arsenic, Chromium, and Lead – Laboratory analysis of unfiltered groundwater samples 
detected concentrations of arsenic, chromium, and lead in at least one sample, but the 
compounds were not detected in follow-up analysis of filtered groundwater. Pacific Crest 
used natural background values as the pSLs and the MTCA Method A Industrial Property 
Cleanup Levels as ssSLs for arsenic, chromium, and lead in soil. Concentrations of 
arsenic, chromium, and lead in at least one soil sample exceeded their respective pSL, 
but did not exceed their respective ssSL. Arsenic, chromium, and lead were not retained 
as COPCs for groundwater, surface water, or soil because they were not detected in 
filtered groundwater samples and were not detected above ssSLs in soil samples. 

Cyanide - Laboratory analysis detected free cyanide in the groundwater sample collected 
from well MW-7 only. Laboratory analysis of follow-up groundwater samples for Weak Acid 
Dissociable (WAD) cyanide did not detect WAD cyanide in any samples. Due to the 
absence of WAD cyanide – a more sensitive and inclusive analysis – in the sample from 
well MW-7, the free cyanide result is interpreted to be the result of matrix interferences 
and a false positive, not representative of groundwater conditions at the Site. Cyanide was 
not retained as a COPC for either groundwater, surface water, or soil. 

Tin - Laboratory analysis detected concentrations of tin in one unfiltered groundwater 
sample, but the compound was not detected in follow-up analysis of a filtered groundwater 
sample. Pacific Crest used MTCA Method B Cleanup Level for Dermal Exposure as pSL 
for tin in soil because no natural background value is available. Concentrations of tin were 
not detected above the pSL. Tin was not retained as COPCs for groundwater, surface 
water, or soil because it was not detected in filtered groundwater samples and it was not 
detected above pSL in soil samples. 

Cadmium – Ecology has established baseline natural background concentrations of 
cadmium in soil in Western Washington to be 1 mg/kg. The screening and cleanup levels 
for the media of concern are discussed below: 

o Non-potable Groundwater and Surface Water - Laboratory analysis of groundwater 
samples collected to date detected cadmium in unfiltered and filtered samples collected 
from Well MW-11 at concentrations ranging from 21 µg/L (filtered) to 170 µg/L 
(unfiltered). Pacific Crest used the surface water ARAR (Aquatic Life Marine/Chronic 
CWA §304) of 8.8 µg/L as the pSL and the MTCA Method B Surface Water Cleanup 
Level of 40.5 µg/L as the ssSL for cadmium in filtered groundwater. Concentrations of 
cadmium in filtered groundwater exceed the pSL in the sample collected from Well MW-
11, but do not exceed the ssSL. The extent of concentrations of cadmium in groundwater 
is defined by groundwater samples collected to date and does not “reach” surface water. 
On the basis of the geochemical groundwater conditions, cadmium is not likely to “reach” 
surface water in the future. Cadmium is not retained as a COC for groundwater or 
surface water related exposure pathways, including soil leaching to groundwater, 
because concentrations of cadmium in groundwater do not exceed the ssSL or “reach” 
surface water, but it is retained as a COPC for future monitoring. 
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o Soil –Laboratory analysis of soil samples detected cadmium concentrations ranging 
from 0.15 mg/kg to 99 mg/kg. Pacific Crest used the natural background of 1 mg/kg as 
the pSL and the MTCA Method C Direct Contact Cleanup Level of 3,500 mg/kg as the 
ssSL for cadmium in soil. Concentrations of cadmium in soil exceed the pSL, but do not 
exceed the ssSL. The draft ssCUL for cadmium in soil is the risk adjusted MTCA Method 
C Direct Contact Cleanup Level of 100 mg/kg. Cadmium concentrations in soil do not 
exceed the ssCUL. Cadmium is retained as a COPC for soil. 

Copper – Ecology has established baseline natural background concentrations of copper 
in soil to be 36 mg/kg. The screening and cleanup levels for the media of concern are 
discussed below: 

o Non-potable Groundwater and Surface Water - Laboratory analysis of unfiltered 
and filtered groundwater samples detected copper concentrations ranging from 1.3 
µg/L (filtered) to 31 µg/L (unfiltered). Pacific Crest used the surface water ARAR 
(Aquatic Life Marine/Chronic CWA §304) of 3.1 µg/L as the pSL for copper in filtered 
groundwater. Concentrations of copper in filtered groundwater do not exceed the pSL 
of 3.1 µg/L. Copper is not retained as a COC for groundwater- or surface water-related 
exposure pathways, including soil leaching to groundwater. 

o Soil – Laboratory analysis of soil samples detected copper concentrations ranging from 
8.2 mg/kg to 180 mg/kg. Pacific Crest used the natural background concentration of 36 
mg/kg as the pSL and the MTCA Method C Direct Contact Cleanup Level of 140,000 
mg/kg as the ssSL for copper in soil. Concentrations of copper in soil exceed the natural 
background, but do not exceed the ssSL. The draft ssCUL for copper in soil is the risk 
adjusted MTCA Method C Direct Contact Cleanup Level of 200 mg/kg. The 
concentrations of copper in soil do not exceed the ssCUL. Copper is retained as a COPC 
for soil. 

Nickel – Ecology has established baseline natural background concentrations of nickel in 
soil to be 48 mg/kg. The screening and cleanup levels for the media of concern are 
discussed below: 

o Non-potable Groundwater and Surface Water - Laboratory analysis of unfiltered 
groundwater samples collected to date detected nickel concentrations ranging from 
0.75 µg/L to 190 µg/L and in filtered samples at concentrations ranging from 0.58 µg/L 
to 71 µg/L. Pacific Crest used the surface water ARAR (Aquatic Life Marine/Chronic 
CWA §304) of 8.2 µg/L as the pSL for nickel in filtered groundwater. The extent of 
concentrations of nickel in groundwater is defined by groundwater samples collected to 
date and does not “reach” surface water. Similar to cadmium, on the basis of the 
geochemical groundwater conditions, nickel is not likely to “reach” surface water in the 
future. In accordance with WAC 173-340-720 (6)(c)(i)(F), the ssSL for cadmium in 
groundwater is the MTCA Method B Surface Water Cleanup Level of 1,100 µg/L. 
Concentrations of nickel in filtered groundwater exceed the pSL, but do not exceed the 
ssSL. Nickel is not retained as a COC for groundwater or surface water related exposure 
pathways, including soil leaching to groundwater, but is retained as a COPC for future 
monitoring. 

o Soil –Laboratory analysis detected nickel concentrations ranging from 6.0 mg/kg to 
160 mg/kg. Pacific Crest used the natural background concentration of 48 mg/kg as 
the pSL and the MTCA Method B Direct Contact Cleanup Level of 70,000 mg/kg as 
the ssSL for nickel in soil. Nickel concentrations in soil exceed natural background but 
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do not exceed the ssSL. The draft ssCUL for nickel in soil is the risk adjusted MTCA 
Method C Direct Contact Cleanup Level of 200 mg/kg. The concentrations of nickel in 
soil do not exceed the ssCUL. Nickel is retained as a COPC for soil. 

Zinc – Ecology has established baseline natural background concentrations of zinc in soil 
to be 85 mg/kg. The screening and cleanup levels for the media of concern are discussed 
below: 

o Non-potable Groundwater and Surface Water - Laboratory analysis of unfiltered 
groundwater samples detected zinc concentrations ranging from 3.3 µg/L to 340 µg/L 
and in filtered samples at concentrations ranging from 3.8 µg/L to 31 µg/L. Pacific 
Crest used the surface water ARAR (Aquatic Life Marine/Chronic CWA §304) of 81 
µg/L as the pSL for zinc in filtered groundwater. Concentrations of zinc in filtered 
groundwater do not exceed the pSL of 81 µg/L. Zinc is not retained as a COC for 
groundwater- or surface water-related exposure pathways, including soil leaching to 
groundwater, but it is retained as a COPC for future monitoring. 

o Soil – Laboratory analysis detected zinc at concentrations ranging from 17 mg/kg to 
120 mg/kg. Pacific Crest used the natural background concentration of 48 mg/kg as 
the pSL and the MTCA Method B Direct Contact Cleanup Level of 1,050,000 mg/kg 
as the ssSL for zinc in soil. Concentrations of zinc in soil exceed natural background 
but do not exceed the ssSL. The draft ssCUL for zinc in soil is the risk adjusted MTCA 
Method C Direct Contact Cleanup Level of 200 mg/kg. The concentrations of zinc in soil 
do not exceed the ssCUL. Zinc is retained as a COPC for soil. 

Tetrachloroethene (PCE) – The primary sources of PCE (C2Cl4) concentrations in soil 
and groundwater appear to be associated with former industrial operations conducted on 
Tax Parcel No. 2275200661. The screening and cleanup levels for the media of concern 
are discussed below: 

o Air – Laboratory analysis of indoor air samples, collected by the Port prior to 
demolition of the Building, detected PCE at concentrations ranging from 6.2 µg/m3 
to 25 µg/m3. PCE was not detected in samples of ambient (outdoor) air collected 
by the Port. Due to the presence of PCE in soil, soil vapor and groundwater, vapor 
intrusion is a potential source of PCE in air. PCE is retained as a COC for air. The 
ssSL for PCE in air is the MTCA Method B Cleanup Level of 9.6 µg/m3. The draft 
ssCUL is the risk adjusted MTCA Method C Cleanup Level of 9.6 µg/m3.  

o Groundwater and Surface Water – Laboratory analysis of surface water samples 
did not detect PCE. Laboratory analysis of groundwater samples collected to date 
detected PCE concentrations ranging from 0.33 µg/L to 2,600 µg/L. Pacific Crest 
used the surface water ARAR (Human Health – Marine Waters - Organism Only - 
CWA §304) value of 2.9 µg/L as a screening level for PCE in groundwater that is 
protective of surface water. Empirical data indicates that PCE in groundwater does 
not currently and is unlikely in the future to ever “reach” surface water; therefore, 
Pacific Crest used Protection of Air, instead of Protection of Surface Water, as the 
pathway for developing non-potable groundwater cleanup levels. Based on the 
current, and likely future land use, the ssSL for PCE in groundwater is the risk 
adjusted MTCA Method C Screening Level that is protective of air of 24.5 µg/L. 
Laboratory analysis of groundwater samples collected on the Tax Parcel No. 
2275200661 exceed the ssSL for PCE. PCE is retained as a COC for groundwater. 
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The vertical and horizontal extent of concentrations of PCE in groundwater is 
defined by groundwater samples collected to date. The draft ssCUL for PCE in 
non-potable groundwater is the risk adjusted MTCA Method C Screening Level 
that is protective of air of 24.5 µg/L.  

o Soil – Laboratory analysis of soil samples detected PCE concentrations ranging 
from 0.002 mg/kg to 34 mg/kg. The maximum concentration of PCE in soil does 
not exceed the MTCA Method B Cleanup Level for direct contact of 476 mg/kg. 
Pacific Crest used the MTCA Method A Cleanup Level of 0.05 mg/kg as the pSL 
for PCE in soil and the risk adjusted MTCA Method C Cleanup Level calculated to 
be protective of the groundwater ssCUL of 0.24 mg/kg as the ssSL. Concentrations 
of PCE in soil exceed the pSL and ssSL. PCE is retained as a COC for soil. The 
vertical and horizontal extent of concentrations of PCE in soil is defined by soil 
samples collected to date. The draft ssCUL for PCE in soil is the risk adjusted 
MTCA Method C Cleanup Level calculated to be protective of the non-potable 
groundwater ssCUL.  

Trichloroethene (TCE) – The TCE (C2HCl3) concentrations in soil and groundwater 
appear to be due to degradation of PCE associated with former industrial operations. The 
screening and cleanup levels for the media of concern are discussed below: 

o Air – Laboratory analysis of indoor air samples, collected by the Port prior to 
demolition of the Building, detected TCE concentrations ranging from 0.56 µg/m3 
to 1.2 µg/m3. TCE was not detected in samples of ambient (outdoor) air collected 
by the Port. Due to the presence of TCE in soil, soil vapor and groundwater, vapor 
intrusion is a potential source of TCE in air. TCE is retained as a COC for air. The 
pSL for TCE in air is the MTCA Method B Cleanup Level of 0.37 µg/m3. The draft 
ssCUL is the risk adjusted MTCA Method C Cleanup Level of 1.4 µg/m3. The ssSL 
for TCE in non-potable groundwater is the risk adjusted MTCA Method C 
Screening Level that is protective of air of 5.8 µg/L.  

o Non-potable Groundwater and Surface Water – Laboratory analysis of surface 
water samples did not detect TCE. Laboratory analysis of groundwater samples 
collected to date detected TCE concentrations ranging from 0.24 µg/L to 1,400 
µg/L. Pacific Crest used the surface water ARAR (Human Health – Marine Waters 
- Organism Only - CWA §304) value of 0.7 µg/L as the pSL for TCE in groundwater 
that is protective of surface water. Empirical data indicates that TCE in 
groundwater does not currently and is unlikely in the future to ever “reach” surface 
water; therefore, Pacific Crest used Protection of Air as the pathway for developing 
groundwater cleanup levels instead of Protection of Surface Water. TCE is 
retained as a COC for non-potable groundwater. The ssSL for TCE in non-potable 
groundwater is the risk adjusted MTCA Method C Screening Level that is 
protective of air of 5.8 µg/L. Laboratory analysis of groundwater samples collected 
on Tax Parcel No. 2275200661 exceed the pSL and ssSL for TCE. The vertical 
and horizontal extent of concentrations of TCE in groundwater is defined by 
groundwater samples collected to date. The draft ssCUL for TCE in non-potable 
groundwater is the risk adjusted MTCA Method C Screening Level that is 
protective of air of 5.8 µg/L. 

o Soil – Laboratory analysis of soil samples detected TCE concentrations ranging 
from 0.012 mg/kg to 4.9 mg/kg. The maximum concentration of TCE in soil does 
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not exceed the MTCA Method B Cleanup Level for direct contact of 12 mg/kg. 
Pacific Crest used the MTCA Method A Cleanup Level of 0.03 mg/kg as the pSL 
for TCE in soil and the risk adjusted MTCA Method C Cleanup Level calculated to 
be protective of the non-potable groundwater ssCUL of 0.036 mg/kg as the ssSL. 
TCE is retained as a COC for soil. Concentrations of TCE in soil exceed the ssSL. 
The vertical and horizontal extent of concentrations of TCE in soil is defined by soil 
samples collected to date. The draft ssCUL for TCE in soil is the risk adjusted 
MTCA Method C Cleanup Level calculated to be protective of the non-potable 
groundwater ssCUL. 

Cis-1,2-Dichloroethene (c-DCE) – The c-DCE (C2H2Cl2) concentrations in soil and 
groundwater appear to be due to degradation of TCE. The screening and cleanup levels 
for the media of concern are discussed below: 

o Air – Laboratory analysis of indoor air samples, collected by the Port prior to 
demolition of the Building, detected c-DCE at a concentration of 0.16 µg/m3 in one 
sample. Laboratory analysis did not detect c-DCE in the ambient (outdoor) air 
sample collected by the Port. Ecology’s CLARC database no longer identifies c-
DCE as having a carcinogenic or non-carcinogenic human health risk associated 
with inhalation; therefore, c-DCE is not retained as a COC for air and no ssCUL is 
proposed for c-DCE in air.  

o Non-Groundwater and Surface Water – Laboratory analysis of surface water 
samples did not detect c-DCE. Laboratory analysis of groundwater samples 
collected to date detected c-DCE at concentrations ranging from 0.33 µg/L to 
15,000 µg/L. Pacific Crest used the MTCA Method B Cleanup Level for potable 
groundwater of 16 µg/L as the pSL. The vertical and horizontal extent of c-DCE is 
delineated by the samples collected to date. Ecology’s CLARC database no longer 
identifies c-DCE as having a carcinogenic or non-carcinogenic human health risk 
associated with non-potable groundwater or surface water; therefore, c-DCE is not 
retained as a COC for groundwater and no ssCUL is proposed for c-DCE in 
groundwater or surface water. 

o Soil – Laboratory analysis of soil samples detected c-DCE concentrations ranging 
from 0.0014 mg/kg to 47 mg/kg. Pacific Crest used the MTCA Method B Direct 
Contact Cleanup Level of 160 mg/kg as the pSL and the risk adjusted MTCA 
Method C Cleanup Level calculated to be protective of direct contact of 50 mg/kg 
as the ssSL. The maximum concentration of c-DCE in soil does not exceed either 
the pSL or the ssSL. C-DCE is retained as a COPC for soil. The draft ssCUL for c-
DCE in soil is the risk adjusted MTCA Method C Cleanup Level calculated to be 
protective of direct contact. 

Vinyl Chloride (VC) – The primary sources of VC (H2C=CHCl) concentrations in soil and 
groundwater appear to be associated with degradation of c-DCE. The screening and 
cleanup levels for the media of concern are discussed below: 

o Air – Laboratory analysis of indoor and ambient air samples collected by the Port 
prior to demolition of the Building did not detect VC at concentrations above the 
MDL and VC has not been detected in soil vapor or unsaturated soil samples. 
However, due to the presence of VC in groundwater, vapor intrusion is a potential 
source of VC in air. The draft ssCUL for VC in air is the risk adjusted MTCA Method 
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C Cleanup Level of 2.5 µg/m3. The risk adjusted MTCA Method C Screening Level 
for non-potable groundwater that is protective of the air ssCUL is 1.3 µg/L. 

o Groundwater and Surface Water – Laboratory analysis of surface water samples 
did not detect VC. Laboratory analysis of groundwater samples collected to date 
detected VC concentrations ranging from 0.33 µg/L to 190 µg/L. Pacific Crest used 
the surface water ARAR (Human Health – Marine Waters - Organism Only - CWA 
§304) value of 0.18 µg/L as the pSL and draft ssCUL for VC in groundwater that is 
protective of surface water. VC is retained as a COC for groundwater and surface 
water. The vertical and horizontal extent of concentrations of VC in groundwater is 
defined by groundwater samples collected to date. 

o Soil – Laboratory analysis of soil samples detected VC concentrations ranging 
from 0.0037 mg/kg to 5.5 mg/kg. However, VC was only detected in soil samples 
located below groundwater and co-located with concentrations of VC in 
groundwater. The pSL and draft ssCUL for VC in unsaturated is the practical 
quantitation limit (PQL). Cleanup of saturated soil will be demonstrated empirically 
in accordance with WAC 173-340-747(9) by comparison of analytical results of 
groundwater samples to groundwater cleanup standards and by a demonstration 
that concentrations of contaminants in soil will not result in a future exceedance of 
a groundwater cleanup standard. 

2.4 POINTS OF COMPLIANCE 

The point of compliance is defined in WAC 173-340-200 as the point where cleanup levels, 
established in accordance with WAC 173-340-720 through WAC 173-340-760, shall be attained. 
Once the cleanup levels are attained at the point of compliance, the concentrations of COCs have 
achieved the regulatory requirements established under MTCA. 

 Point of Compliance for Groundwater 

The point of compliance for groundwater is defined as groundwater throughout the Site, from the 
uppermost level of the saturated zone extending vertically to the lowest depth that is affected by 
COCs. Performance monitoring of groundwater will be conducted during the cleanup action to 
monitor the attenuation of concentrations of COCs in groundwater.  

 Point of Compliance for Soil 

The point of compliance for soil cleanup levels based on direct contact is soil between ground 
surface and 15 feet bgs. Cleanup of saturated soil will be demonstrated empirically in accordance 
with WAC 173-340-747(9) by comparison of analytical results of groundwater samples to 
groundwater cleanup standards and by a demonstration that concentrations of contaminants in 
soil will not result in a future exceedance of a groundwater cleanup standard. 

 Point of Compliance for Air 

Air cleanup standards apply to ambient (outdoor) air and to air within any building or other 
structure large enough to fit a person. The point of compliance for air is defined as air throughout 
the Site. 
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2.5 CONCEPTUAL SITE MODEL 

A CSM has been developed for the Site that is based on the data collected by Pacific Crest and 
others during the RI and FS activities. The CSM identifies plausible exposure pathways for human 
and ecological receptors to the focused list of COPCs. The CSM is illustrated on Figure 7, and 
the CSM elements are discussed below: 

 Primary Sources of Contamination – Washington Steel conducted industrial activities 
including: metal degreasing and metal plating. PCE, cadmium, copper, nickel, and zinc 
appear to have been used by Washington Steel in their industrial activities.  

 Contaminants of Potential Concern – Based on the industrial activities conducted by 
Washington Steel and primary sources of contamination, the preliminary list of COPCs 
considered in this FS Report included: VOCs, metals, and cyanide. The focused list of 
COPCs consists of PCE, TCE, c-DCE, VC, cadmium, copper, nickel, and zinc. The COCs 
for the Site will be those COPCs that are present in the media of concern at concentrations 
that present an unacceptable risk to human health or the environment (PCE, TCE and VC). 

 Primary Release Mechanisms – The release mechanisms associated with the Site appear 
to have been surface spills of the PCE and metals associated with plating and leaks from 
the sewer line in the alley southeast of the former Building.  

 Transport Media – The Site is characterized in the southeast by elevated concentrations 
of CVOCs (primarily PCE, TCE, and cis-1,2-DCE) and metals (cadmium, copper, nickel and 
zinc) in soil and groundwater in the Upper Fill and Upper Sand (<15 feet bgs) above the 
Upper Silt located near the suspected source areas. Concentrations of PCE indicative of 
dense non-aqueous phase liquid (DNAPL) have been historically detected in one well (MW-
11) located near the former metal finishing areas, though recent monitoring results suggest 
substantial reductive dechlorination has occurred. Concentrations of CVOCs are present in 
soil vapor at the Site due to volatilization from shallow soil and groundwater.  

The northwestern portion of the Site is characterized by concentrations of the degradation 
products of TCE (c-DCE and VC) that have migrated in groundwater vertically downward 
into the Lower Sand below the Upper Silt and laterally to the northwest, away from the 
source areas, due to groundwater flow and the tidal influence of the Sitcum Waterway. 
Concentrations of PCE, TCE, and metals in groundwater do not “reach” the Sitcum 
Waterway.  

In the southeastern portion of the Site, the soil and groundwater in the Lower Sand do not 
appear to be impacted, and in the northwestern portion of the Site, the soil, soil vapor, and 
groundwater in the Upper Sand do not appear to be impacted. This distribution of 
contaminants appears to be controlled by groundwater flow and the gap in the Upper Silt 
located near East 11th Street, as depicted in cross-section on Figure 3. Concentrations of 
the COPCs have not been detected in surface water. 

 Exposure Media and Secondary Release Mechanisms – The exposure media (i.e., 
media of concern where concentrations of COPCs have been detected or have the potential 
to be detected) include: soil, groundwater, air, surface water, and sediment. Secondary 
release mechanisms applicable to the exposure media include: retention of adsorbed 
contaminants on shallow soil; leaching of contaminants from shallow soil to groundwater; 
retention of dissolved contaminants in groundwater; discharge of dissolved contaminants in 
groundwater to surface water; and, volatilization of dissolved and adsorbed contaminants 
from groundwater and soil into soil vapor.  
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 Potential Receptors – The Site is located in a designated industrial zone; therefore, 
residents and upland ecological receptors are not considered plausible receptors under 
current or future land use. The potential human receptors are: adult industrial workers, adult 
temporary construction workers, and adult Site visitors. Ingestion of aquatic biota by non-
industrial receptors is considered potentially complete in the future, if industrial activities in 
the Sitcum Waterway ceased. 

 Complete and Potentially Complete Exposure Pathways – Ingestion of groundwater and 
ingestion of surface water are not complete exposure routes because surface water is saline 
and non-potable and groundwater meets the criteria for non-potability. A complete exposure 
pathway consists of a source of contaminants and a potential or known exposure route for 
contaminants to reach a current or future receptor. Pacific Crest identified the following 
complete or potentially complete exposure pathways that are applicable to the Site: 

 Direct Contact and Incidental Ingestion of COPCs in Soil – Future industrial workers, 
current and future temporary construction workers, and future Site visitors to the 
portion of the Site located on Tax Parcel No. 2275200661 have the potential to be 
exposed to COPCs (CVOCs and metals) in shallow soil. The concentrations of 
COPCs do not exceed the draft ssSLs or applicable ssCULs for direct contact. The 
direct contact pathway is only potentially complete if the MTCA Method C exposure 
assumptions change. 

 Inhalation of CVOCs in Air – Future industrial workers, current and future temporary 
construction workers, and current and future Site visitors to the portion of the Site 
located on Tax Parcel No. 2275200661 have the potential to be exposed to CVOCs 
in air. Metals are not volatile and do not present a human health risk due to vapor 
intrusion. Volatilization of CVOCs to indoor air is considered only a potential future 
exposure pathway because there are no current buildings on Tax Parcel No. 
2275200661, and since soil, soil vapor, and groundwater in the Upper Sand do not 
appear to be impacted in the northwestern portion of the Site. 

 Ingestion of Aquatic Biota – Human ingestion of aquatic biota exposed to 
contaminants in surface water or in groundwater discharging to surface water is 
considered only a potential future exposure pathway for Site visitors (i.e., 
recreational users). Due to unrelated pollution, DOH fish and shellfish consumption 
advisories are currently in effect for the entire Commencement Bay area, including 
the Sitcum Waterway.  

2.6 SITE BOUNDARIES 

The Site is defined as the area where releases of hazardous substances to the media of concern 
have come to be located. Cleanup actions are required for those portions of the Site where 
concentrations of COCs in media of concern exceed their respective ssCULs. The Site extends 
from southeast to northwest: beginning on a portion of the adjacent former Shaub-Ellison 
property; extending across Tax Parcel No. 2275200661; underneath East 11th Street; beneath 
the parking lot for the Port of Tacoma Administrative Building; and, ultimately, terminating at the 
Sitcum Waterway. The Site is located within properties that are currently owned by the Port.  

 Soil 

Soil with concentrations of COCs (PCE, TCE, and VC) above the ssCULs has been delineated 
and appears to be located primarily beneath the footprint of the former Building, with elevated 
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PCE concentrations also present in surface soil in a limited area of the alley between Tax Parcel 
No. 2275200661 and Shaub-Ellison properties. The highest PCE concentration detected to date 
in soil was 34 mg/kg in a sample collected from boring P-9 from 6 feet to 8.5 feet bgs, which 
suggests that the primary CVOC source area is located in the vicinity of this boring. The estimated 
areal extent of soil requiring cleanup action is illustrated on Figure 8. The estimated vertical extent 
of soil requiring cleanup action is illustrated in cross-section on Figures 3 and 4. 

 Groundwater 

The extent of COCs (PCE, TCE, and VC) in groundwater has been delineated by samples 
collected to date. Groundwater with dissolved CVOC concentrations that exceed the ssCULs 
extends from the alley southeast of the former Building to adjacent to the Sitcum Waterway north 
of the Port’s Administration Building. Groundwater in the southeast portion of the Site is 
characterized by elevated concentrations of PCE, TCE, c-DCE, and VC in the Upper Sand above 
the Upper Silt. Groundwater in the northwestern portion of the Site is characterized by 
concentrations of TCE degradation products (c-DCE and VC) that have migrated downward in 
groundwater into the Lower Sand below the Upper Silt, and laterally to the northwest due to 
groundwater flow and tidal influence of the Sitcum Waterway. In the southeastern portion of the 
Site, soil and groundwater in the Lower Sand does not appear to be impacted; and in the 
northwestern portion of the Site, soil and groundwater in the Upper Sand does not appear to be 
impacted. The distribution of contaminants appears to be controlled by groundwater flow, as well 
as the discontinuity in the Upper Silt in the vicinity of East 11th Street. The estimated areal extent 
of groundwater requiring cleanup action is illustrated on Figure 8. 

 Sub Areas and Draft FS Remediation Levels 

For the purposes of evaluating cleanup action alternatives, the investigation area for the Site is 
divided into two sub-areas (Zone A and Zone B) to account for the varying subsurface 
characteristics. Zone A includes areas of the Site located southeast of East 11th Street; Zone B 
includes areas of the Site located between 11th Street and the Sitcum Waterway.  

A remediation level is a concentration of a hazardous substance in a specific media above which 
a particular cleanup action component will be conducted. Remediation levels, by definition, 
exceed cleanup levels. MTCA provides for the use of remediation levels at certain sites, and 
states that a cleanup action selected in accordance with WAC 173-340-350 through 173-340-390, 
which includes remediation levels, constitutes a cleanup action which is protective of human 
health and the environment. Site specific remediation levels for VC are proposed for groundwater 
in Zone A (zaRL) and Zone B (zbRL). The basis for the remediation levels is presented below: 

 Zone A – The only potentially complete future exposure pathway for VC in Zone A is 
volatilization from groundwater into air. The proposed zaRL for VC in groundwater is the risk 
adjusted MTCA Method C Screening Level that is protective of the air ssCUL (1.3 µg/L). 

 Zone B – The only potentially complete future exposure pathway for VC in Zone B is 
groundwater migration to surface water and ingestion of aquatic biota. The proposed zbRL 
for VC in groundwater is the MTCA Method C Screening Level for VC (92.3 µg/L). 

Zone A, Zone B, and the lateral extent of COCs that exceed the ssCULs and remediation levels 
are illustrated on Figure 8. The vertical extent of CVOCs that exceed the ssCULs in groundwater 
is illustrated in cross-section on Figures 3 and 4. 
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3.0 CLEANUP ALTERNATIVES 

3.1 REMEDIAL ACTION OBJECTIVES 

Remedial action objectives (RAOs) are specific goals to be achieved by the cleanup alternatives 
that meet cleanup standards and provide adequate protection of human health and the 
environment under a specified land use. Site-wide RAOs are summarized below: 

 RAO 1: Risks associated with direct contact with surface or subsurface soils will be 
reduced to acceptable levels through mass reduction or the use of institutional controls 
and, if necessary, engineered barriers. Institutional controls are required for MTCA Method 
C cleanup levels that rely on industrial land use. 

 RAO 2: Unacceptable risks associated with inhalation of COC concentrations in air will be 
controlled by reducing concentrations of COCs in shallow soil and/or groundwater to 
acceptable levels (i.e. ssCULs). If mass reduction is not practicable, risks associated with 
inhaling COC concentrations in indoor air will be reduced to acceptable levels through the 
use of engineered barriers (i.e. .vapor intrusion mitigation). The concentrations of CVOC 
COCs exceed risk adjusted MTCA Method C ssCULs that are protective of air. Institutional 
controls are required for MTCA Method C cleanup levels that rely on industrial land use.  

 RAO 3: Within a reasonable time frame, reduce COC concentrations in soil and 
groundwater posing a potentially unacceptable health risk to human and ecological 
surface water receptors to acceptable levels. If mass reduction is not practicable, reduce 
the health risks associated with COC exposure to acceptable levels through the use of 
institutional controls. The concentrations of one COC (VC) exceeds the ssCUL for non-
potable groundwater that is based on protection of surface water (Human Health – Marine 
Waters - Organism Only - CWA §304).  

3.2 CLEANUP TECHNOLOGIES 

 Identification of Potential Cleanup Technologies 

Numerous remediation technologies have been developed, tested and utilized to remediate 
contaminated soil and groundwater at similar sites. CVOCs in soil and groundwater can be 
remediated using passive (e.g., monitored attenuation) or active (e.g., soil vapor extraction or 
excavation) technologies. In addition, some technologies focus on a single type of media (e.g., 
excavation of soil or air sparging for groundwater) while other technologies are capable of 
remediating several media at one time (e.g., dual phase extraction).  

The potential technologies for Site remediation were selected from the Federal Remediation 
Technologies Roundtable’s Treatment Technologies Screening Matrix (FRTR 2007) and 
screened to identify those technologies best-suited to achieving the remediation objectives. The 
criteria used for screening remedial technologies are as follows:  

 Technology Development Status (bench, pilot, or full scale) - Technologies with full 
scale implementation and pilot test success were favored over less developed technologies. 
Technologies successfully implemented in a variety of environmental and geologic settings 
were favored over technologies with a more restricted application record. 
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 Performance Record - The record of successfully attaining the remediation objectives 
established for the technology in prior implementations. Technologies with a more 
successful performance record were favored over technologies with fewer successes or 
more failures.  

 Constituents Addressed - The COCs the technology is capable of addressing. Only 
technologies which have been demonstrated capable of addressing the specific constituents 
in the specific media of interest (soil or groundwater) were retained for evaluation in the FS.  

 Ability to Implement within the Constraints of the Site - The expected capability of 
successfully implementing the technology in the project area within a reasonable time frame. 
Technologies requiring minimal access and simpler permitting were favored over 
technologies requiring extensive permitting or access to numerous locations. Technologies 
that require significant infrastructure or would pose extensive administrative and logistical 
challenges and may ultimately be considered administratively not implementable were also 
not favored. Technologies that utilize existing infrastructure such as the Site monitoring well 
network are preferred.  

The technology screening step is intended to produce a very short list of only the most applicable 
and promising technologies for further consideration. Technologies were either retained or 
rejected based upon their prior application history, ability to meet the remediation objectives, and 
an evaluation against the above screening criteria. The results of the technology screening are 
summarized in Table 14 and the retained technologies are summarized below: 

 Excavation and Off-Site Disposal – Excavation of shallow contaminated soil using readily 
available construction equipment is a rapid and effective, though costly, remediation method 
for soil. Excavation is the process of physically removing contaminated soil from a site and 
either treating the soil above ground or transporting the soil off-site for treatment and 
disposal. Following soil excavation, confirmation samples are collected and the excavation 
is backfilled with clean material.  

Current state and federal regulations governing waste disposal prohibit land disposal of any 
untreated hazardous waste. Under these regulations, soil that contains concentrations of a 
listed hazardous waste (e.g., PCE) and is being excavated as a part of cleanup action must 
be handled as listed waste, regardless of the concentration of hazardous waste constituents 
present in the soil. In response to the unintended consequence of significantly increased 
cleanup costs without any observable improvement for human health or the environment 
that resulted from the strict interpretation of these regulations, EPA issued the “Contained-
In” Policy to clarify the application of hazardous waste regulations to environmental media 
generated during a site cleanup. The “Contained-In” Policy allows soil from a cleanup action 
to be handled as a non-hazardous waste which can be disposed of at a Subtitle D Landfill, 
provided that only minimal concentrations of hazardous waste constituents are present in 
the soil.  

Soil with concentrations of PCE and some metals may also be classified as a “characteristic” 
hazardous waste by comparison of constituent concentrations in leachate, extracted from 
the waste using the Toxicity Characteristic Leaching Procedure (TCLP), with the limits 
specified in Title 40, Part 261.24 of the Code of the Federal Regulations (40 CFR 261.24). 
The TCLP levels for the COPCs are listed in Appendix H – Table H-3. Soil with COPC 
concentrations that exceed 20 times the TCLP level (the “20x Rule”) have the potential to 
exhibit a hazardous characteristic. Laboratory analysis of unsaturated soil has detected 
PCE, cadmium, and chromium at concentrations that exceed the 20x Rule. Disposal options 
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for soil that is classified as a characteristic hazardous waste are more stringent and costly 
than soil classified as non-hazardous waste (i.e. disposal at a Subtitle C Landfill instead of 
a Subtitle D Landfill). 

Excavation is retained as a remediation technology for the Site because it is capable of 
achieving the goal of RAO No. 2 and it has been used with success on Tax Parcel No. 
2275200661.  

 Soil Vapor Extraction (SVE) – SVE operates by inducing a vacuum on wells to recover 
CVOCs in soil vapor from the subsurface. SVE is effective for remediation of permeable 
material (sand and silty sand). SVE is not a feasible technology for CVOC contamination 
located in saturated material or below groundwater. The recovered media are typically 
treated before being discharged. During operation of a typical SVE system, the 
concentrations of CVOCs in soil gas decrease as the mass of contaminants present in the 
soil pore space is reduced. Over time, the CVOC recovery rate tends to become a function 
of the rate of desorption of contaminants from soil and recovery rates reach asymptotic 
levels.  

SVE is retained as a remediation technology because it is capable of achieving the goal of 
RAO No. 2. The soil encountered in the shallow subsurface consists primarily of sand and 
silty sand which is conducive to the application of SVE and SVE pilot tests conducted at the 
Site indicated that SVE creates a large ROI and is capable of recovering significant CVOC 
mass in soil vapor. SVE is typically less effective in remediating low permeability silts. A 
potential drawback to implementation of SVE is the presence of a silt layer in the shallow 
Upper Fill. 

 Groundwater Extraction and Treatment (GE&T) – GE&T consists of extracting 
groundwater from recovery wells screened in the zone of contamination to both remove 
contaminant mass and to control groundwater migration (hydraulic control). The recovered 
groundwater is then treated before being discharged, typically to a sewer system under a 
permit with the local municipality. GE&T systems are capable of controlling the hydraulic 
gradient of groundwater, but they are not generally considered effective in achieving cleanup 
levels at sites impacted with CVOCs. In addition, groundwater treatment can be complicated 
by metals and naturally high iron concentrations present in anaerobic groundwater and low 
treatment standards required by the treatment facility. 

 In-situ Bioremediation by Monitored Natural Attenuation and/or Enhanced Reductive 
Dechlorination – In-situ bioremediation is the process by which select bacteria under 
certain conditions transform contaminants into innocuous byproducts. The typical 
breakdown sequence for CVOCs under anaerobic conditions is summarized below: 

PCE ►TCE ► c-DCE (primarily) ► VC ► ethene and carbon dioxide (CO2) 

Reductive dechlorination occurs under anaerobic conditions that are conducive to the 
growth of bacteria capable of consuming CVOCs. The naturally occurring reductive 
dechlorination processes (monitored natural attenuation [MNA]) can be enhanced to 
accelerate degradation of CVOCs by adding organic substrates to the subsurface 
(enhanced reductive dechlorination [ERD]). Numerous organic substrates are available that 
can be naturally degraded and fermented in the subsurface resulting in the generation of 
hydrogen to enhance reductive dechlorination. Carbohydrates (e.g., sugars), alcohols, low-
molecular-weight fatty acids (e.g., lactate), vegetable oils, and plant debris (e.g., mulch) are 
examples of easily fermentable organic substrates. Anaerobic bioremediation (ERD and 
MNA under current conditions) are retained as remediation technologies for the Site 
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because they are capable of achieving the goals of RAO No. 3 and partially achieving the 
goals of RAO No. 2. 

 In-Situ Chemical Reduction (ISCR) – In situ chemical reduction (ISCR) is the combination 
of abiotic chemical reduction using a reductant or reductant-generating material (e.g., zero 
valent iron [ZVI], ferrous iron, sodium dithionite, sulfide salts, and hydrogen sulfide), coupled 
with anaerobic bioremediation. ISCR abiotically transforms CVOCs into innocuous 
byproducts and immobilizes metals by adsorption or precipitation. ISCR products can be 
injected into the subsurface via soil borings or existing wells; applied to the vadose zone 
through excavation or soil mixing; or emplaced in a barrier wall intercepting a mobile 
dissolved contaminant plume (i.e., permeable reactive barrier [PRB]). PRBs are commonly 
installed within a continuous trench excavated perpendicular to the contaminant plume, 
though reductants can also be introduced to the subsurface via injection wells, direct push 
injections, soil mixing, and pneumatic fracturing. 

3.3 CLEANUP ACTION ALTERNATIVES 

The purpose of this FS is to develop and evaluate cleanup action alternatives to facilitate selection 
of a final cleanup action for the Site. Cleanup action alternatives consist of combinations of 
remediation technologies that have the potential to achieve the goals of the RAOs. The 
technology screening process retained excavation, SVE, anaerobic bioremediation (ERD and 
MNA), ISCR, and GE&T as potentially feasible remediation technologies. Due to the variation in 
conditions across the Site, no single technology is likely to be capable of achieving the cleanup 
standards for soil and groundwater across the entire Site; therefore, a combination of technologies 
must be evaluated in the FS and implemented in areas where they are most likely to be effective. 
The cleanup action alternatives are presented in the following sections and summarized in Table 
15. 

 Common Elements and Assumptions 

The cleanup action alternatives consist of a combination of different remediation alternatives. 
Common elements and assumptions used for developing the alternatives are discussed below: 

 Estimated Costs - The design for each cleanup alternative presented below is 
conceptual, not detailed, and the cost estimate should considered approximate and for 
comparison purposes. In accordance with EPA guidance (EPA 530-R-00-002), Pacific 
Crest used -30% and +50% of the “best estimate” to calculate a range of potential future 
costs.  

 Net Present Value (NPV) - For those cleanup elements that occur over an extended time 
period (e.g. groundwater monitoring, system operation and maintenance and post-
cleanup confirmation sampling), costs were adjusted to net-present value (NPV). In A 
Guide to Developing and Documenting Cost Estimates During the Feasibility Study (EPA 
2000), EPA recommends using the current real interest rate from which the inflation 
premium has been removed (i.e. real interest rate) as the discount rate for NPV analysis. 
The current real interest rates are updated annually by the U.S. Office of Management 
and Budget (OMB) in revisions to OMB Circular A-94. The current discount rates for a 20 
year and 30 year maturity are 0.5% and 0.7%, respectively (OMB 2016). This FS uses a 
discount rate of 0.7% for the NPV analysis of Cleanup Alternative No. 1 and 0.5% for the 
NPV analysis of the remaining alternatives. 
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 Monitoring Well Network - Each of the cleanup action alternatives includes installation 
of additional groundwater monitoring wells to replace wells decommissioned by the Port 
and to provide more robust monitoring capabilities. 

 Engineering Design – Alternative No. 2 through Alternative No. 4 rely on technologies 
that have not been pilot tested at the Site. The final design of each alternative would be 
based on preliminary engineering design activities that would be conducted prior to 
development of the draft Cleanup Action Plan (dCAP). 

 Institutional Controls - MTCA Method C requires implementation of institutional controls 
regarding industrial land use. The goal of RAO No. 1 is met in each cleanup action 
alternative by the implementation of institutional controls to limit land use in the future to 
industrial, consistent with MTCA Method C. 

 Compliance Monitoring - Each cleanup action alternative includes: worker protection 
monitoring during implementation; performance groundwater monitoring to evaluate the 
progress of the cleanup; confirmation soil sampling; and confirmation groundwater 
monitoring consisting of four quarters of compliant groundwater monitoring to demonstrate 
long-term effectiveness of the cleanup action. Progress monitoring will consist of 
monitoring of all groundwater monitoring wells and analysis of samples collected for 
CVOCs (PCE, TCE, c-DCE, t-DCE and VC) by SW-846 Method 8260 and analysis filtered 
groundwater samples collected from select wells for cadmium, copper, nickel, and zinc by 
SW-846 Method 200.8. The progress monitoring schedule varies for each alternative on 
the basis of the restoration timeframe.  

 Post-Remediation Contingency Measures – Tax Parcel No. 2275200661 is currently 
vacant, but the Port has indicated that redevelopment of the parcel is planned in the future. 
Soil generated during redevelopment activities conducted after the cleanup action has 
achieved the RAOs may still require special handling for off-site disposal. The incremental 
costs for soil disposal during redevelopment are based on conservative assumptions of 
the effectiveness of the cleanup and the extent of soil contamination. 

 MNA - Consistent with EPA guidance, MNA is appropriate when combined with other 
remedial measures or as a follow up to active remediation (EPA 1999). Aggressive source 
removal improves the potential for effective implementation of MNA, but is not a 
precondition for success. MNA may be appropriate as a sole ground water remedy if site 
conditions indicate that natural attenuation alone would meet the RAOs. A varying degree 
of MNA is included in each cleanup alternative. 

 Alternative No. 1 – Institutional Controls and MNA 

Alternative No. 1 does not include active remediation but consists of monitoring the natural 
reductions in concentrations of the COCs in the media of concern in Zone A and Zone B. The 
components of this alternative are described below and illustrated on Figure 9: 

 Primary Cleanup Element - Attenuation of CVOC concentrations in groundwater as a 
result of reductive dechlorination is occurring and will likely continue to occur until 
contaminants are completely degraded. Volatilization of CVOC concentrations in 
unsaturated soil is the only attenuation mechanism for soil remediation. 

 Institutional Controls – Permanent institutional controls will be recorded on the deeds of 
affected parcels including: limitation on land use to industrial. Temporary institutional 
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controls requiring vapor intrusion mitigation for new construction; limitations on 
recreational fishing in the Sitcum Waterway; requirement for long term groundwater 
monitoring to ensure concentrations of COCs in groundwater do not pose a threat to 
surface water will be recorded on the affected parcel deeds until concentrations of the 
COCs are below their respective ssCULs. 

 Restoration Timeframe - Alternative No. 1 can be implemented quickly; however, it would 
likely require a considerable amount of time (50 to over 100 years) to reach cleanup 
standards without performing source remediation in Zone A.  

 Ability to Achieve RAOs - Alternative No. 1 meets the goals of RAO No. 1, RAO No. 2, 
and RAO 3 by reducing COC concentration in the media of concern by MNA and by 
controlling exposure to COCs in the media of concern using a combination of institutional 
controls and engineered barriers.  

 Cost - The estimated cost to implement Alternative No. 1 is approximately $2,900,000. In 
accordance with EPA guidance (EPA 530-R-00-002), Pacific Crest used -30% and +50% 
of the “best estimate” to calculate a range of potential future costs to be approximately 
$2,000,000 to $4,300,000. 

 Alternative No. 2 – Excavation and GE&T 

Alternative No. 2 consists of: excavation of unsaturated soil in Zone A with concentrations of 
COCs above their respective ssCULs; GE&T to remediate affected saturated soil and 
groundwater in Zone A; GE&T to hydraulically control groundwater in Zone B; and implementation 
of MNA for remediation of recalcitrant contaminants. The components of this alternative are 
described below and illustrated on Figure 10: 

 Primary Remediation Element – Soil – Excavation to 11 feet bgs and off-site 
transportation of approximately 15,000 cubic yards of contaminated soil to an approved 
landfill on the basis of the exceedances of the ssCULs in unsaturated soil (Subtitle D or 
Subtitle C landfill). The excavated area would be backfilled with clean fill material.  

 Primary Remediation Element – Zone A - Groundwater – Installation and operation of a 
network of groundwater recovery wells connected to a centralized recovery and treatment 
system to facilitate contaminant extraction and saturated soil and groundwater remediation 
in Zone A. The recovery wells would be screened in the Upper Fill and Upper Sand to 
remediate saturated soil and groundwater. The spacing of the recovery wells would be 
based on the additional pilot test activities conducted prior to development of the dCAP. For 
the purposes of this FS, three recovery wells are assumed sufficient to hydraulically contain 
the plume of COCs dissolved in groundwater. Desorption of COCs from the Upper Silt may 
result in extended operation of the system. The GE&T system would operate until either 
concentrations of PCE, TCE, and VC are below their respective ssCULs or zaRL in 
groundwater or system monitoring indicates that the system has recovered contaminants to 
the extent practicable (10 years to 15 years). 

 Primary Remediation Element – Zone B - Groundwater - Installation and operation of a 
secondary network of groundwater recovery wells connected to a centralized recovery and 
treatment system to facilitate hydraulic control and groundwater remediation in Zone B. The 
purpose of the GE&T system is hydraulic control of groundwater until concentrations of VC 
in Zone B groundwater decrease to below the zbRL. The GE&T system would require the 
installation of treatment equipment and a connection to the sanitary or storm sewer system 
for disposal of treated water, and multiple groundwater recovery wells to ensure containment 
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of the contaminant plume in groundwater. The recovery wells would be screened in the 
Lower Sand in Zone B. Iron fouling is anticipated to present a significant operation and 
maintenance issue. Due to the physical characteristics of the COCs, the GE&T system is 
anticipated to operate for 10 years or more.  

 Secondary Remediation Element – Groundwater - Aggressive source removal improves 
the potential for effective implementation of MNA. The aggressive remediation activities are 
intended to remediate the source area and would minimize the potential for recontamination. 
MNA would consist of performance monitoring to verify that conditions are conducive to 
reductive dechlorination and that naturally-occurring bacteria are continuing to degrade the 
CVOCs until concentrations are below the ssCULs.  

 Institutional Controls – Permanent institutional controls will be recorded on the deeds of 
affected parcels including: limitation on land use to industrial. Temporary institutional 
controls requiring vapor intrusion mitigation for new construction; limitations on recreational 
fishing in the Sitcum Waterway; requirement for long term groundwater monitoring to ensure 
concentrations of COCs in groundwater do not pose a threat to surface water will be 
recorded on the affected parcel deeds until concentrations of the COCs are below their 
respective ssCULs. 

 Restoration Timeframe - On the basis of experience at similar sites, the estimated 
remediation timeframe for this alternative is between 15 and 20 years.  

 Ability to Achieve RAOs - Alternative No. 2 meets the goals of RAO No. 1, RAO No. 2, 
and RAO 3 by permanently reducing COC concentration in the media of concern by 
excavation and groundwater extraction and treatment, and by controlling exposure to 
COCs in the media of concern using a combination of institutional controls and engineered 
barriers.  

 Cost - The estimated cost to implement Alternative No. 2 is approximately $5,000,000. In 
accordance with EPA guidance (EPA 530-R-00-002), Pacific Crest used -30% and +50% 
of the “best estimate” to calculate a range of potential future costs to be approximately 
$3,500,000 to $7,500,000. 

 Alternative No. 3 –SVE and ERD 

Alternative No. 3 consists of SVE to remediate soil; ERD to address COCs in groundwater; and 
MNA to address recalcitrant compounds. The components of this alternative are described below 
and illustrated on Figure 11: 

 Primary Remedial Element – Soil – Installation and operation of a network of vertical 
SVE recovery wells and a centralized treatment system to facilitate contaminant 
extraction. The SVE recovery wells would be screened in the Upper Fill and Upper Sand 
to remediate shallow contaminated soil. The spacing of the recovery wells would be based 
on the ROI calculated during the SVE pilot test. For the purposes of the FS, six recovery 
wells are assumed. The SVE system would operate until concentrations of the CVOCs in 
soil are below ssCULs. 

 Primary Remedial Element – Groundwater – Injection of a solution of water and a 
organic substrate compound into groundwater through vertical borings or wells and 
monitoring the resulting reductive dechlorination of CVOC concentrations in groundwater. 
Implementation of ERD would be conducted in Zone A and Zone B. The commercially 
available substrates that can be added to the subsurface to enhance anaerobic 
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bioremediation include sodium lactate, molasses, Hydrogen Release Compound 
(HRC™), and emulsified oil substrate (EOS). Periodic injection events to add substrate 
may be required to ensure continued effectiveness and rapid degradation of the CVOCs. 
The spacing of the injection points and injected material would be based on the additional 
pilot test activities conducted prior to development of the dCAP. For the purposes of this 
FS, 40 injection points are assumed sufficient. 

 Secondary Remediation Element – Groundwater - Aggressive source removal improves 
the potential for effective implementation of MNA. The aggressive remediation activities are 
intended to remediate the source area and would minimize the potential for recontamination. 
MNA would consist of performance monitoring to verify that conditions are conducive to 
reductive dechlorination and that naturally occurring bacteria are continuing to degrade the 
CVOCs until concentrations are below the ssCULs. 

 Institutional Controls – Permanent institutional controls would be recorded on the deeds 
of affected parcels including: limitation on land use to industrial. Temporary institutional 
controls requiring vapor intrusion mitigation for new construction; limitations on recreational 
fishing in the Sitcum Waterway; requirement for long term groundwater monitoring to ensure 
concentrations of COCs in groundwater do not pose a threat to surface water would be 
recorded on the affected parcel deeds until concentrations of the COCs are below their 
respective ssCULs. 

 Restoration Timeframe - On the basis of experience at similar sites, the estimated 
remediation timeframe for this alternative is between 10 and 15 years.  

 Ability to Achieve RAOs - Alternative No. 3 meets the goals of RAO No. 1, RAO No. 2, 
and RAO 3 by permanently reducing COC concentration in the media of concern by SVE 
and ERD, and by controlling exposure to COCs in the media of concern using a 
combination of institutional controls and engineered barriers. 

 Cost - The estimated cost to implement Alternative No. 3 is approximately $2,900,000. In 
accordance with EPA guidance (EPA 530-R-00-002), Pacific Crest used -30% and +50% 
of the “best estimate” to calculate a range of potential future costs to be approximately 
$2,100,000 to $4,400,000. 

 Alternative No. 4 – SVE and ISCR 

Alternative No. 4 consists of SVE to remediate soil; ISCR to address COCs in groundwater; and 
MNA to address recalcitrant compounds. The components of this alternative are described below 
and illustrated on Figure 12: 

 Primary Remedial Element – Soil – Installation and operation of a network of vertical 
SVE recovery wells and a centralized treatment system to facilitate contaminant 
extraction. The SVE recovery wells would be screened in the Upper Fill and Upper Sand 
to remediate shallow contaminated soil. The spacing of the recovery wells would be based 
on the ROI calculated during the SVE pilot test. For the purposes of the FS, six recovery 
wells are assumed. The SVE system would operate until concentrations of the CVOCs in 
soil are below ssCULs. This element is identical to implantation of SVE in Alternative No. 
3. 

 Primary Remedial Element – Groundwater – Injection of a solution of water and a 
chemical reductant into groundwater through vertical borings or wells and monitoring the 
resulting reductive dechlorination of CVOC concentrations in groundwater. 



 

110-001 FNL FS 3-1-17 
3-9 

Implementation of ISCR would be conducted in Zone A and Zone B. The commercially 
available reductants that can be added to the subsurface include: ZVI, ferrous iron, sodium 
dithionite, sulfide salts, and hydrogen sulfide. Some commercially available products 
include carbon substrates to enchance anaerobic bioremediation. Periodic injection 
events to add reductants may be required to ensure continued effectiveness and rapid 
degradation of the CVOCs. The spacing of the injection points would be based on the 
additional pilot test activities conducted prior to development of the dCAP. For the 
purposes of this FS, 40 injection points are assumed sufficient. 

 Secondary Remediation Element – Groundwater - Aggressive source removal improves 
the potential for effective implementation of MNA. The aggressive remediation activities are 
intended to remediate the source area and would minimize the potential for recontamination. 
MNA would consist of performance monitoring to verify that conditions are conducive to 
reductive dechlorination and that naturally occurring bacteria are continuing to degrade the 
CVOCs until concentrations are below the ssCULs. 

 Institutional Controls – Permanent institutional controls would be recorded on the deeds 
of affected parcels including: limitation on land use to industrial. Temporary institutional 
controls requiring vapor intrusion mitigation for new construction; limitations on recreational 
fishing in the Sitcum Waterway; requirement for long term groundwater monitoring to ensure 
concentrations of COCs in groundwater do not pose a threat to surface water would be 
recorded on the affected parcel deeds until concentrations of the COCs are below their 
respective ssCULs. 

 Restoration Timeframe - On the basis of experience at similar sites, the estimated 
remediation timeframe for this alternative is between 5 and 15 years.  

 Ability to Achieve RAOs - Alternative No. 4 meets the goals of RAO No. 1, RAO No. 2, 
and RAO 3 by permanently reducing COC concentration in the media of concern by SVE 
and ISCR, and by controlling exposure to COCs in the media of concern using a 
combination of institutional controls and engineered barriers. 

 Cost - The estimated cost to implement Alternative No. 4 is approximately $2,700,000. In 
accordance with EPA guidance (EPA 530-R-00-002), Pacific Crest used -30% and +50% 
of the “best estimate” to calculate a range of potential future costs to be approximately 
$1,900,000 to $4,100,000. 
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4.0 DETAILED EVALUATION AND SELECTION OF ALTERNATIVES 

The evaluation criteria used to select the cleanup action approach consists of the MTCA 
requirements (WAC 173-340-360). The evaluation criteria for this FS are presented in the 
following sections. 

4.1 THRESHOLD AND OTHER REQUIREMENTS 

In accordance with MTCA (WAC 173-340-360(2)), all cleanup actions are required to meet the 
following threshold requirements: 

 Protect human health and the environment;  

 Comply with cleanup standards; 

 Comply with applicable state and federal laws; 

 Provide for compliance monitoring; and, 

 Provide for a reasonable restoration time frame. 

The ability of the cleanup action alternatives to meet the threshold and other requirements is 
discussed in the following sections. 

 Protect Human Health and the Environment 

Protection of human health and the environment includes consideration of the degree each 
alternative reduces risk, restoration timeframe, on and off-site risks related to implementing a 
cleanup and residual post-remediation risk and protection of ecological receptors. A discussion 
of how each alternative meets these considerations is proved below: 

 Alternative No. 1 - Alternative No. 1 meets the threshold requirement by reducing COC 
concentration in the media of concern through MNA and by controlling exposure to COCs 
in the media of concern using a combination of institutional controls and engineered 
barriers. This alternative would achieve the threshold requirement at the completion of the 
restoration timeframe of between 50 and 100 years. Residual risks are controlled by 
implementation of institutional controls and engineered barriers. On the basis of the RI 
results, the alternative is also protective of ecological receptors. 

 Alternative No. 2 - Alternative No. 2 meets the threshold requirement by reducing COC 
concentration in the media of concern through excavation of soil; groundwater extraction 
and treatment; and, by controlling exposure to COCs in the media of concern using a 
combination of institutional controls and engineered barriers. This alternative would 
achieve the threshold requirement at the completion of the restoration timeframe of 
between 15 and 20 years. Residual risks are controlled by implementation of institutional 
controls and engineered barriers. On the basis of the RI results, the alternative is also 
protective of ecological receptors. 

 Alternative No. 3 - Alternative No. 3 meets the threshold requirement by reducing COC 
concentration in the media of concern through SVE and ERD and, by controlling exposure 
to COCs in the media of concern using a combination of institutional controls and 
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engineered barriers. This alternative would achieve the threshold requirement at the 
completion of the restoration timeframe of between 10 and 15 years. Residual risks are 
controlled by implementation of institutional controls and engineered barriers. On the basis 
of the RI results, the alternative is also protective of ecological receptors. 

 Alternative No. 4 - Alternative No. 4 meets the threshold requirement by reducing COC 
concentration in the media of concern through SVE and ISCR and, by controlling exposure 
to COCs in the media of concern using a combination of institutional controls and 
engineered barriers. This alternative would achieve the threshold requirement at the 
completion of the restoration timeframe of between 5 and 10 years. Residual risks are 
controlled by implementation of institutional controls and engineered barriers. On the basis 
of the RI results, the alternative is also protective of ecological receptors. 

 Comply with Cleanup Standards 

As defined in WAC 173-340-700, cleanup standards are established cleanup levels and points of 
compliance at which those cleanup levels will be attained. The cleanup standards for the Site 
have been established in accordance with WAC 173-340-700 through WAC 173-340-760, which 
are protective of human health and the environment, and also comply with ARARs for the Site. 
The data collected during the RI and FS activities indicates that each of the alternatives are 
capable of achieving the cleanup standards for the COCs.  

 Comply with Applicable State and Federal Laws 

MTCA requires that cleanup actions comply with applicable state and federal laws (WAC 173-
340-360(2)a(iii)), which include legally applicable requirements, as well as requirements that the 
department determines are relevant and appropriate. ARARs for cleanup actions often include 
various construction-related permits, air emission requirements, water discharge requirements, 
off-site disposal requirements, and other issues related to impacts in and around the site. 
Compliance with ARARs was an important consideration during the development of cleanup 
standards and the design of cleanup alternatives. The data collected during the RI and FS 
activities indicates that each of the alternatives would comply with applicable state and federal 
laws. 

 Provide for Compliance Monitoring 

MTCA requires that cleanup actions provide for compliance monitoring (WAC 173-340-360(2)a(iv)). 
As discussed in Section 3, each of the alternatives provides for compliance monitoring. 

 Reasonable Restoration Time Frame 

MTCA requires a reasonable restoration time frame for cleanup actions (WAC 173-340-360(2)b(ii)). 
Factors considered in determining a reasonable restoration time frame are discussed below: 

 Potential Risks Posed by the Site to Human Health and the Environment – A discussion 
of current human health risk is provided in the CSM.  

 Current and Future Use of the Site and Surrounding Areas – The current and future 
land use at the Site and in the vicinity of the Site is industrial. Each of the alternatives 
includes institutional controls to ensure current and future industrial land use. 

 Availability of Alternative Water Supplies – Groundwater at the Site meets the MTCA 
non-potability criteria.  
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 Likely Effectiveness of the Institutional Controls – The Port owns Tax Parcel No. 
2275200661 and downgradient affected parcels and controls access to the Sitcum 
Waterway. Many properties within the Tacoma tideflats have institutional controls and the 
proposed institutional controls are likely to be highly effective. 

 Ability to Control and Monitor Migration of Hazardous Substances at the Site – The 
existing monitoring well network has been effective in monitoring the concentrations of 
COPCs in the media of concern. The ability to monitor the conditions is not likely to change 
in the future. 

 Toxicity of the Hazardous Substances at the Site – The COCs and COPCs include 
human carcinogens with non-carcinogenic risk. The cleanup levels calculated for the Site 
account for the combined risk factors. 

 Natural Processes that Reduce Concentrations of Hazardous Substances – As 
discussed in Section 2, reductive dechlorination processes have been documented at the 
Site and are actively reducing concentrations of CVOCs in groundwater at the Site. 

On the basis of the criteria discussed above, the range of restoration time frames contemplated by 
the cleanup alternatives is reasonable.  

4.2 DISPROPORTIONATE COST ANALYSIS 

The MTCA regulations require that selected alternatives be permanent to the maximum extent 
practicable. Determination of practicability includes conducting a disproportionate cost analysis 
(DCA) that ranks cleanup action alternatives according to the seven criteria listed in WAC 173-
340-360(f) and then compares the ranked alternatives on the basis of cost. The cost of an 
alternative is considered disproportionate if its incremental cost exceeds its incremental benefit. 
Alternatives that exhibit disproportionate costs are considered “impracticable” under MTCA.  

 Ranking Criteria 

The Site specific cleanup action alternatives presented in Section 3.3 were screened in 
accordance with the Ranked Pair Method (Jones 1998). Pair ranking is conducted by selecting 
one preferred or superior alternative over another for each ranking criteria and assigning a rank 
(higher number indicates a higher rank) to each alternative and each criteria. The Ranked Pair 
results were further evaluated using a weighted ranking scheme that emphasized overall 
protectiveness (30%), permanence (20%), long term effectiveness (20%), management of short 
term risks (10%), implementability (10%), public concern (10%), and cost in order to select the 
preferred cleanup alternative. Detailed descriptions of the ranking criteria are presented below: 

 Overall Protectiveness (30%) - The remedial alternatives are all considered to be 
protective of human health and the environment, but vary in the technologies used to 
achieve that protectiveness and in restoration time frame. Ranking of overall 
protectiveness considered the restoration time frame, reliability of the selected technology, 
and reliability of institutional controls. Alternatives that have a shorter restoration time 
frame ranked higher than ones with longer restoration time frames; proven technologies 
and institutional control ranked higher than untested technologies and complex controls. 

 Permanence (20%) – Analysis of permanence assesses the degree to which the 
alternatives permanently reduce the toxicity, mobility, or volume of hazardous substances. 
Ranking of permanence considered: capabilities of the treatment technologies, 
management of sources of releases, degree of irreversibility of treatment, and the quantity 
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and quality of treatment wastes. All alternatives are considered to have a relatively high 
permanence because cVOCs are irreversibly destroyed through a combination of active 
treatment and natural attenuation. Plating metals (which cannot be ‘destroyed’) have been 
shown to be immobile and do not present a human health risk under current or future 
exposure scenarios. Alternatives that have a shorter restoration time frame ranked higher 
than ones with longer restoration time frames; alternatives that generate low toxicity 
degradation products ranked higher than those that generate higher toxicity degradation 
products. 

 Long Term Effectiveness (20%) – Analysis of long-term effectiveness includes: the 
degree of certainty that the alternative will be successful; the reliability of the alternative 
during the period of time hazardous substances are expected to remain on-site at 
concentrations that exceed cleanup levels; the magnitude of residual risk with the 
alternative in place; and, the effectiveness of controls required to manage treatment 
residues or remaining wastes. Alternatives relying most heavily on institutional controls 
and monitoring should generally be viewed as relatively less effective over the long term. 
Alternatives capable of more confidently achieving the RAOs should typically be seen as 
more effective. Alternatives that generate toxic degradation products (e.g. VC) are 
generally considered less effective in the long term than those that minimize the 
generation of harmful degradation products. 

 Management of short term risks (10%) – Analysis of the management of short term risks 
includes consideration of risks to human health and the environment associated with each 
alternative during construction and implementation. On the basis of the RI results and 
current and near-future land use, risks to workers and the public can generally be 
managed using appropriate best management practices. Alternatives relying on 
institutional controls and barriers are generally ranked lower than alternatives that rely on 
active remediation. Alternatives that rely on active remediation are ranked on the basis of 
the potential hazardous chemicals or physical hazards inherent in the technology 
implementation and the duration of the construction and implementation risk.  

 Implementability (10%) - Analysis of implementability includes consideration of whether 
an alternative is technically and administratively implementable. Each of the alternative 
considered target relatively accessible areas and use readily available services/equipment 
and common implementation techniques. Alternatives that relied on non-invasive 
approaches that utilized current land use ranked higher than those that relied on highly 
invasive technologies or relied on acquiring waste disposal profiles or permits from 
regulatory agencies. 

 Public Concerns (10%) – To date, no reports have been subject to public comment and 
Pacific Crest is not aware of any public comment related to the Site. However, analysis of 
public concerns assumed the following: alternatives that more quickly restore groundwater 
discharging to the Sitcum Waterway are preferred; institutional controls and engineered 
barriers that are coupled with active remedial measures are preferred over alternatives 
that don’t include active remediation. 

 Cost – The design for each cleanup alternative is conceptual, not detailed, and the cost 
estimate should considered to be approximate. In accordance with U.S. Environmental 
Protection Agency (EPA) guidance (EPA 530-R-00-002), Pacific Crest used -30% and 
+50% of the “best estimate” to calculate a range of potential future costs. The costs for 
the alternatives considered in the FS ranged from $2,700,000 to $5,000,000. The wide 
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range of costs is due to the consideration of alternatives that include substantial or full 
removal and off-site disposal of impacted soil. 

.
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5.0 REMEDY SELECTION 

The selection of a remedy for implementation is based upon comparison of the cleanup action 
alternatives to the threshold and evaluation criteria established under WAC 173-340-360. The 
evaluation criteria results for each alternative were discussed in Section 4.0. The results of this 
evaluation indicate that Alternative No. 1, Alternative No. 2, Alternative No. 3, and Alternative No. 
4 meet the threshold criteria and therefore, were retained for further evaluation.   

The retained alternatives were screened in accordance with the Weighted Ranking Method and 
criteria described in Section 4.4. A MTCA benefits ranking was calculated for each alternative by 
multiplying the six rating values by their corresponding weighting factors, and summing the 
weighted values. Finally, the benefits ranking of each alternative is divided by the alternative’s 
estimated cost to obtain a benefit/cost ratio, which is a relative measure of the cost effectiveness 
of the alternative. Under this selection methodology, the remedial alternative that achieves the 
highest ranking (i.e., highest cost/benefit rank number) is selected as the preferred Cleanup 
Action Alternative for the Site. The weighted rank pair results for each alternative are summarized 
in Table 16.The ranking results are discussed below: 

 Alternative No. 2 is ranked highest in the MTCA criteria because it removes the source 
area soil contamination faster than the remaining alternatives and controls groundwater 
migration. Alternative No. 2 is the most costly alternative and is ranked 2rd for cost 
effectiveness. 

 Alternative No. 1 is ranked lowest because it has the longest restoration time frame and 
relies on MNA for contaminant reduction. Alternative No. 1 is the 2nd most costly and is 
ranked 4th for cost effectiveness. 

 Alternative No. 4 is ranked higher than Alternative No. 3 because ISCR minimizes the 
production of VC during implementation. Alternative No. 4 is the least costly and is ranked 
1st for cost effectiveness. 

Based on the results of the DCA presented above, Alternative No. 4 is the most cost effective of 
the alternatives evaluated in this FS. Therefore, this alternative is deemed to satisfy the MTCA 
requirement for an alternative to be permanent to the maximum extent practicable. 

5.1 PREFERRED ALTERNATIVE 

The FS presented herein is intended to provide sufficient information to enable Ecology and Mr. 
Shea to reach concurrence on the selection of a final cleanup action alternative under the VCP, 
and for Ecology to provide an opinion letter stating that this FS meets the substantive 
requirements of MTCA. After receipt of this letter from Ecology, design specifications and details 
regarding implementing the Alternative No. 4 will be provided to Ecology via a Cleanup Action 
Plan for the Site. 
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7.0 LIMITATIONS 

The conclusions and recommendations contained in this report are based on professional 
opinions with regard to the subject matter. These opinions have been arrived at in accordance 
with currently accepted hydrogeologic and engineering standards and practices applicable to this 
location and are subject to the following inherent limitations: 

 Accuracy of Information. Certain information used by Pacific Crest in this report has been 
obtained, reviewed, and evaluated from various sources believed to be reliable. Although 
the conclusions, opinions, and recommendations are based in part on such information, 
Pacific Crest’s services did not include the verification of its accuracy or authenticity. Should 
such information prove to be inaccurate or unreliable, Pacific Crest reserves the right to 
amend or revise its conclusions, opinions, and/or recommendations. 
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